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SORBIC ACID AS A FUNGISTATIC AGENT FOR FOODS. 
I. HARMLESSNESS OF SORBIC ACID AS A DIETARY 
COMPONENT®"¢ 


HARRY J. DEUEL, JR. anp ROSLYN ALFIN- SLATER 
Department of Biochemistry and Nutrition, University of Southern 
California, School of Medicine, Los Angeles, California 
AND 
CARROL 8S. WEIL anp HENRY F. SMYTH, JR. 


Mellon Institute, Pittsburgh, Pa., and Carbide and Carbon 
Chemicals Co., New York, N.Y. 


(Manuscript received June 5, 1953) 


It has been discovered by Gooding of The Best Foods Laboratories (7) 
that certain of the a,8-unsaturated fatty acids are good fungistatic agents 
for foods and food wrappers. Thus, crotonic acid, CH,-CH:CH-COOH, 
and its homologues fall into this category. Sorbie acid CH,-CIL:CH-CH: 
CH-COOH, is particularly well suited as a fungistatie agent for foods. 
Sorbic acid may be used to prevent mold growth in food products in which 
sodium benzoate is now employed, viz. orange juice, fruit and fruit syrups, 
pickles, margarine, and candies. In protecting cheeses and cheese products, 
foods which are very susceptible to mold spoilage, sorbie acid has been 
found to be markedly superior to sodium benzoate as a fungistatie agent 
(17). This has also been demonstrated in studies conducted on margarine 


(7). Phillips and Mundt (15) have reported on the advantages of using 
sorbic acid to inhibit yeast and mold growth while permitting normal fer- 


mentation in curing cucumbers. 

Over and above the finding that sorbie acid is a superior fungistatic 
agent, there are certain advantages which would acerue from the use of 
sorbie acid in place of sodium benzoate. In the first place, a smaller con- 
centration of sorbic acid would be required to protect foods, particularly 
if protection of the same degree furnished by 0.1% sodium benzoate is 
desired. Secondly, as will be demonstrated in the second paper of this 
series (2), the a,B-unsaturated fatty acids are readily metabolizable like 
any food fatty acid, while benzoic acid cannot be so utilized. Indeed, the 
a,8 unsaturated fatty acids are intermediates in the normal oxidation of 
the saturated fatty acids. Sorbie acid is metabolizable in exactly the same 
way as is the natural saturated fatty acid, caproie acid (2), both yielding 
carbon dioxide and water as end-products. On the other hand, benzoie acid 
is a strong inhibitor of fatty acid oxidation by liver e = mes (20) and must 
be detoxicated. In man, this oceurs by conjugation of che benzoie acid with 
glycine to yield hippurie acid, C,H.-CO-NH-CH,-COOH,. The latter com- 
pound is excreted quantitatively in the urine (9). Some of the benzoie acid 


“Carried out under a research grant from The Best Foods, Ine, 

"Paper No. 346 from the Department of Biochemistry and Nutrition, University 
of Southern California. 

“The substance of this report comprises part of the material presented as paper 
, 82 at the Boston meeting of the Institute of Food Technologists on June 22-24, 1953 
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may be detoxicated with glucuronic acid, derived from glucose, to form. 
phenyi glucuronide (19). In these ways, a compound which resists the 
oxidative processes of the body is coupled with normal metabolites to yield 
products which are then readily excreted in the urine. The liver is the site 
of benzoic acid detoxication, and this fact has actually led to the utilization 
of hippuric acid excretion as a test of liver function. Individuals with poor 
liver function will have difficulty in detoxicating benzoic acid. 

sefore sorbic acid may be used as a fungistatic agent for foods, it would 
have first to be demonstrated that it is harmless. Two lines of investiga- 
tions were followed in evaluating this problem. The first involved carrying 
out conventional toxicity tests, the results of which are presented in this 
paper. The second involved the metabolic approach to determine the fate 
of sorbic acid in the animal body. 

In this report are summarized the results of studies to determine the 
LD,, of sorbic acid for rats and also to ascertain whether or not this acid 
exerts a deleterious effect on growth of rats or dogs when fed in «mounts 
many times greater than that required to protect foods from mold spoilage. 
The tissues of several groups of rats and of the dogs were subjected to 
histopathological examination at the termination of the test following the 
3-month feeding period. An effective part of this toxicity study has dealt 
with a comparative evaluation of the toxicity of sorbie acid versus that of 
sodium benzoate. In this way, it wes pessible to assess the toxicity of a 
new fungistatic agent in relation to another that has been accepted for 
many years as a fungistatic agent for foods. 

In the second report of this series (2), it was possible to relate the 
metabolism of the unsaturated C, fatty acid, sorbic acid, to that of the 
saturated C, fatty acid, caproic acid; the latter is found in butter fat in 
concentrations of 1.5 te 2.59. Since it has been demonstrated that the 
mechanism of fatty acid oxidation in the rat is exactly the same as that 
in man, the metabolic approach actually constitutes an evaluation of 
sorbie acid metabolism in the human. The demonstration that the metabo- 
lism of sorbic acid and caproie acid is identical in the animal organism is 
unequivocal proof of the harmlessness of sorbie acid. 

The present paper presents the findings obtained in 2 independent 
investigations, one carried Gut in the laboratories of the Department of 
Biochemistry and Nutrition, University of Southern California (Labo- 
ratory A) and the other at the Mellon Institute of Industrial Research, 
University of Pittsburgh (Laboratory B). Different strains of rats were 
employed in the 2 laboratories, and the chemicals under test were obtained 
independently. The dog tests were carried out only in Laboratory A. 


EXPERIMENTAL AND RESULTS 
The experiments of Laboratory A were carried out on rats of the University of 
Southern California strain while those employed in the tests by Laboratory B were 
animals of the Sherman strain selected from rats raised in its own laboratory. 
The identity of the samples with sorbie acid* was established by determination of 


“The sorbic acid employed in the tests in Laboratory A was either obtained 
directly from the Carbide and Carbon Chemicals Company, New York, after June 1951 
(S-93868), or from a sample supplied by The Best Foods who had purchased it from the 


above source (S-33568). 
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melting point aad equivalent weight as well as by genera! crystalline form and solu 
bility tests carried out in two cases in the Southern California laboratories. Speetro 
photometric absorption curves obtained in the laboratory of The Best Foods, Ine. 
indicated that the sorbie acid was better than 99°e pure on a moisture-free basis. All 
the sorbic acid used by Laboratory B was obtained from a 10 pound sample of eom 
mercial grade sorbic acid,” labeled ‘‘Drum No. 460-R.’’ It was received on July 4, 
1950. U.S.P. sodium benzoate (Merck) was used in the toxicity tests carried out in 
both laboratories. The purity of the eaproie acid‘ used in the dog tests was ascer 
tained by the determination of equivalent weight, refractive index, density, melting 
point, and boiling point tests. 

Acute toxicity tests. In the toxicity tests carried out in Laboratory A, male rats, 
weighing 212 to 430 grams, and female rats, weighing 163 to 267 grams were used. 
The method of testing was similar to that employed earlier (3). This involved feeding 
an appropriate dose of the test substance by stomach tube to animals previously fasted 
for 18 hours. The animals were kept in separate cages and were provided with stock 
diet and water. The tests were considered positive if the animals died within 5 days. 
This interval was chosen since by this time practically all animals which had survived 
were again gaining weight, and were in satisfactory nutritional condition. Toxicity 
studies in Laboratory A were made only with the sodium salts of sorbie and benzoic 
acid, A total of 1S2 rats were used for the tests with sodium sorbate, and a total of 70 
rats for those with sodium benzoate by Laboratory A. In the case of Laboratory B, 
acute toxicities were determined of both free sorbie acid and sodium sorbate as well 
as of sodium benzoate. Sorbie acid was fed as a suspension which was prepared as 
follows: The acid was ground fine in a mortar moistened with a few drops of 1% 
**Tergitol’’ Penetrant 7, and 0.25°° agar solution was added to give a suspension 
containing 0.20 g. sorbic acid per ml. The suspension did not separate during 15 min 
utes’ standing; gentle shaking resuspended it after the suspension was allowed to stand 
over a prolonged period. Sodium sorbate and sodium benzoate were fed in 10% aqueous 
solution. In the series of tests carried out by Laboratory B, 90 to 120 g. unfasted rats 
were used. There were 5 males and 5 females in each group and the animals were 
observed for 14 days after the dosing. The data on the toxicity tests are summarized 
in Table 1. 


TABLE 1 


Average LD... of sorbic acid when fed as free acid or sodium salt 
and of sodium benzoate in rats 


Category Laboratory A Laboratory B 


LDso for sorbie acid ; sikinden nea aa ; 10,501.96 g./kg. 
(9.17-12.038 


LD. for sodium sorbate (caleulated as sorbie acid 4. 4 pesky. 


OH O25 


LDso for sodium benzoate (caleulated as benzoic acid) 


LDso (sodium sorbate) : LDso (sodium benzoate). 


*Average of 4.5 for males and 3.65 for females, 


The LD values for free sorbie acid are considerably higher than those for the more 
soluble sodium sorbate. This indicates that sorbie acid when fed as such is less rapidly 
absorbed than is sodium sorbate. The average LDw figure for sodium sorbate was 
found to be 4.0 g./kg. by Laboratory A and 5.94 g./kg. by Laboratory B. The varia 
tion is to be expected since different sized rats were employed; moreover, in one case, 
the material was given to fasted rats and in the other case to rats which had partaken 


"Obtained frox. the South Charleston plant of Carbide and Carbon Chemieals 


Company. 
‘Obtained from se Matheson Co., East Rutherford, N. J. 
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of their food. On the other hand, the LDs of sodium sorbate was almost twice that of 
sodium kenzoate. The comparative ratios of LDw of sorbate to benzoate reported by 
the two laboratories are quite consistent, namely 1.90 and 1.72. 

Feeding tests on rats. It has been suggested (8) that fatty acids with conjugated 
double bonds might function in the animal organism as antimetabolites of the essential 
fatty acids. Thus, it is conceivable that elaeostearic acid, 9,11,13-octadecatrienoiec acid, 
might act as an antagonist to linolenic acid, 9,12,15-octadecatrienoie acid. Moreover, 
sorbic acid, which has 2 conjugated double bonds, might be expected if the above 
hypothesis were true, to exert a similar action toward the essential dienoie acid, 
linoleie acid, which is 9,12-octadeeadienoie acid. 

However, there is considerable evidence that elaeostearic acid can be metabolized. 
Thus, Miller and Burr (/1) reported that the trienoie acids in tung oil, which consists 
of approximately 80% of elaeostearie acid, are converted to diene acids which are 


gradually metabolized. Reiser (1/6) reports a similar metabolism of elaeostearie acids 


in hens with its deposition in the egg, while Fillerup and Mead (5) have demonstrated 
that methyl-§ elaeostearate is absorbed at the same rate as methyl oleate. In none of 
these tests was there any evidence of toxicity by the conjugated trienoie acid. Although 
these tests do not give information as to any possible deleterious action of elaeostearic 
acid over long periods of time, they do indicate that no immediate toxicity obtains 
and likewise that a trienoic acid can be converted to a dienoie acid which is eventually 
These findings in themselves cast doubt upon the possibility that fatty 


metabolized. 
acids with double bonds in congugated position are harmful. 

In order to test whether or not sorbie acid or elaeostearie acid acts as an antimeta- 
holite toward the essential fatty acids, these metabolites were incorporated at several 
levels in the fat-free diet employed earlier by Anisfeld ef al. (1) to produce essential 
fatty acid deficiency. Rats receiving the fat free diet without added sorbie acid or tung 
oil provided a control group. At the same time, reeords of food consumption and body 
weight were kept, from which data it is possible to caleulate the efficiency of food 
utilization. The composition of the diets is recorded in Table 2, while the data on 
growth on the several diets are summarized in Table 3. 

There is no evidence on the basis of the data recorded in Table 3 that the ineorpora 
tion of sorbie acid or elaeostearie acid into a fat-free diet accelerates the rate of 
disappearance of the unsaturated fatty acids in the tissues and so shortens the depletion 
time for essential fatty acids. In fact, at 11 weeks, when depletion had occurred in the 
control group, there were no symptoms indicating that essential fatty acid depletion had 
occurred in the groups receiving sorbie acid or tung oil. Although Group 35¢ might 
appear to be depleted, the loss in weight was shown to be due to the failure of these 
rats to eat. When these rats were placed on the fat-free control diet, they continued 
to gain weight until the 19th week when the experiment was terminated. 

The gains in-weight of the rats receiving sorbie acid are identical, both at 6 weeks 
and at 11 weeks, with those of the rats on the control diet. Thus, after 11 weeks on the 
several diets, the average gains-in-weight were 137.0 + 7.2 g., 152.0 + 8.4 g., and 146.9 
+ 6.3 g. for the rats receiving 0.5, 1.0, and 5.0% of sorbie acid respectively in the diets, 
as compared with a control value of 151.9 + 4.3 g. Inasmuch as there was no relation- 
ship in weight gain to the sorbie acid content of the diet, the figures at 11 weeks are 
considered to be the same; the variations noted are due to the imprecisions of such 
biological tests. Actually, the values for the animals on the lowest (0.5%) sorbie acid 
diet may be regarded as constituting another control group. 

The efficiencies with which the diets are utilized show no statistically significant 
differences. The average figures for efficiency ratio would seem to indicate less efficient 
utilization of the sorbie acid diets, if one were to disregard variability in responses of 
the animals. However, here also there is no tendency for the efficiency of food utiliza 
tion (including the calories from sorbie acid) to decrease with an increasing content of 
sorbie acid in the diet. One could justifiably consider Group 38a which received 0.5% 
sorbic acid in the diet as another control group in evaluating the findings with animals 
on the 5% sorbie acid diet. On the basis of such a comparison, sorbie acid would 
necessarily be regarded as a source of calories in the diet. However, because of the 
small increment of calories which is contributed by sorbie acid, because of the ad 
libitum feeding, and because the growth response in relation to calories is on the 
upper plateau of the curve, the findings do not unequivocally prove that sorbie acid ean 
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TABLE 2 


Composition of the diets used in the growth tests with sorbic acid and with tung oil 
LABORATORY A 


Fat-free Sorbic acid diets Tung oil diets 
Food component diet 
(39) bma 38b ose 5s 35b 
% , % 
Casein, Vitamin test*.. 20.0 20.0 
Sucrose., eadasel P 69.88 52.92 70.42 
Cellulose”... akacksbasvinishigtubdion j 4.0) j 4.0 


PTE ONT 4.0 1.0 


Sorbie acid"... ; eae of) 1.0 aul 
1.2 


Tung oil*.. eas 

NaliCo,*.. - 0.37 
Water-soluble vitamins* 0.38 0.38 
Fat-soluble vitamins”.. ; : _ 

Calorie value per 100 g.'......... 368.4 68.3 368.2 


0.38 


*General Biochemicals, Chagrin Falls, Ohio. 

bSolka Floc, which is a cellulose flour. 

© Salt mixture of Osborne-Mendel (13). 

4Purchased from Union Carbide and Chemicals Comp ny 

*The sample of tung oil was supplied by The Best roods, Inc. Spectrophotometric analysis 
gave a value of 37.8% elaeostearic acid, expressed on the total fatty acid content 

{Chemical equivalent of sorbie acid added 

«The water-soluble vitamins containing menadione were added in the following amounts per 
ke. of diet 

Thiamine . snlesnaiecitinmdsesias 6 A Folie acid. . 10 me 

Riboflavin - ..72 meg. Niacine.... iota Ho me 

Pyridoxine onion a fF PRB Bcscescescee sues . eevee OOO mg 

Calcium pantothenate ; i7 mg Inositol... 500 mg 


Menadione € 4 —_ i, Choline mae 2,000 mg 
Biotin..... eae = iidtititiin Oe Vitamin B,. (added in 
95% ethyl alcohol)... Ootlme 


The total is 3,778.01 mg./100 g. or 0.38%. Thiamine, riboflavin, pyridoxine, calcium pantothenate, 
niacin, choline, and vitamin By. were kindly furnished by Merck and Co., Inec.; biotin was con 
tributed by Hoffman-LaRoche, Ine.; and folic acid was a gift of the Lederle Laboratories 

‘The fat-soluble vitamins A, D, and FE were given orally once weekly. A total of 4 drops of 
the following mixture was given to each rat: 2.2 g. Nopco oil (800,000 U.S P. units vitamin A and 
80,000 U.8.P. units vitamin D per g) and 51.5 g. of mixed tocopherols (340 mg. atocophero! 
per g.) made up to 200 ml. with propylene glycol. 

! Based on a calorie value of 6.65 Cal./g. for sorbie acid (12) 


be utilized for growth as a source of calories. A more precise and direet approach is 
described in the seeond paper of this series (2). In any ease, the results reported here 
definitely indieate that sorbie acid does not interfere with the utilization of other food 
stuffs for maintenance and growth. 

Subacute toxicity studies of sorbic and benzoic acids on rats. The subacute toxicity 
tests were performed in Laboratory B in much the same way as the feeding tests 
described above except that the animals were sacrificed after 90 days on the diets and 
their tissues subjected to pathological examination. 

The basal diet employed in these studies was a modified Food Research Laboratory 
diet 2C (6) consisting of dried whole milk, ground whole wheat, salt, yeast, and liver 
extract. It was freely available in McCollum-type food cups. Sorbie acid or sodium 
benzoate was fed at levels of 1, 2, 4, and 8% of the diet. One group subsisted on the 
diet without any additions, and one group on a 0.5% sorbie acid diet. Each group 
consisted of 5 male and 5 female rats picked at random from young rats raised in the 
Mellon Institute laboratory. 

Tables 4 and 5 give the significant data for the groups receiving sorbie acid or 
sodium benzoate respectively. The level of statistical significance is indicated by the 
determination of the value for ‘‘p’’ for the ‘‘t’’ test for differences of each mean 
from that of the specific control group. When ‘‘p’’ is 0.05, the chance of the average 
being different from the control is one in 20. Only when the p-tigures are 0.05 or Jess, 
are the results considered significant. 

The growth tests with sorbie acid reported in Table 4 in Laboratory B confirm in 
every respect those carried out in Laboratory A, which are summarized in Table 3. 
Thus, the food consumption and gain-in-weight of the rats over the 90 day experi 
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TABLE 3 
The body weights of male rats receiving a fat-free diet or ones containing different 
levels of sorbic acid or tung oil as well as calculations of efficiency 
of utilization of the sorbic acid diets 
LABORATORY A 


Groups receiving following diets 


Category ee Sorbie acid tests Tung oil tests 
ay Rb Re By, sob 
Number of rats.... 20 10 10 
Test material in 
diet, % . oa wo) 1.0 
Average body 
weight, g. 
ee 
After 3 weeks.. 
After 6 weeks.. 
After 9 weeks.. 
After 11 weeks 
After 19 weeks". 
Average gain-in 
weight, g.” 
After 6 weeks......... 117.8%3.4 112.0+6.9 120.4+8.2 118.2+3.6 
After 11 weeks....... 151.9%4.3 137.0+7.2 152.0+8.4 146.9+6.3 
Average food 
consumed, yg. 
After 6 weeks...... 436.6 4555 485.0 
After 11 weeks... 949.0 907.2 966.7 
Average food 
efficiency” © 
After 6 weeks 
After 11 weeks.......4 
Average total sor 
bie acid eaten, g. 0 


SO+O17 6.67+0.22 6.69+0.26 6.564019 
$*+0.12 4.19 +0.22 4.25+0.13 4.08+0,17 


, 

» 
” 
a) 


4.53 9.67 1.40 


“Kats received fat free diet starting on 12th week 

“Including Standard Error of Mean calculated from the formula Vld&/n-1/Vn where 
is the number of observations and ‘‘d” is the deviation from the mean 

© Calculated by dividing the gain in body weight & 100 by the calories consumed 


TABLE 4 


The results of the 90-day teeding tests on rats receiving dicts containing different levels 


of sorbic acids or a sorbic acid-free control diet 
LABORATORY B 


Sorbie 
. acid-free 
Category control 

diet 0.5 1.0 2.0 40 sighed 


Diets containing sorbic acid in % 


Sorbie acid dosage, g./kg./day 0.0 0.32 0.63 1.26 2.48 5.06 

Diet consumed, g./rat/day 11.97 12.57 12.62 11.98 12.08 12.36 
p for t-—test...... ea 0.65 0.55 O.99 0.93 0.72 

Av. weight gain of surviving rats, g 156.3 164.4 169.0 161.8 190.1 158.6 
p for t—test................. 


a 0.76 0.60 O.S4 0.29 0.94 

Liver weight, Ye body weight 3. 3.20 3.27 3.25 3.5% 3.54 

p for t—test O83 0.52 O51 0.06 O04 
Kidney weight, Ye body weight 

p for t—test 
Uninfected rats** 
Toxie deaths................. 
Sets of rat tissue with any pathology... 0 


0.63 0.64 0.62 O65 O65 
0.65 1.00 ode 0.65 
Y i) 
0 0 
0 


* Results statistically significant when compared with control 
** Tissues examined from al! these rats. 
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mental period in the ease of all groups receiving sorbie acid (including at an 8° level 

are not different from those of the control group, Moreover, all tissues which were 
examined of all the rats on the several sorbie acid regimens were normal. There was a 
slight increase in liver weights as percentages of the body weights in the group receiv 

ing 8% sorbie acid (average liver weight being 3.54% of body weight) when eompared 
with those on the control diet (3.17% of body weight). Although this figure for the 
8% sorbie acid group is significantly higher than that of the eontrol (p O.04, barely 
over the usually accepted level of significance), even in this case it must be considered 
as representing merely an extremely mild enlargement of normal liver; no micropathol 
ogy of the liver was evident at any level of sorbie acid fed. The pereentage of body 


TABLE 5 


The results of the 90-day feeding tests on rats receiving diets containing different levels 
of sodium benzoate or a sodium benzoate-free control diet 
LABORATORY B 


Sodium 
benzoate 
ree 
control 
diet 


Diets containing sodium 
benzoate in ©% 


Oo ws 2 62 H.20 
11.08 
0.09 

1o0.2 
0.06 
446° 


OO005 


Sodium benzoate dosage, g./kg./day 
Diet consumed, g./rat/day siealenien 11.97 
p for t—test.............. ae , sees 
Average weight gain of surviving rats, g. 56.3 

p for t—test 
Liver weight, ¢ 
p for t—test 
Kidney weight, % 
p for t—test 
Uninfected rats.. 
Toxie deaths.. pened 
Average number days to death. ; 
Sets of tissues examined from uninfected rats 
Sets with major pathology 
Sets with any pathology 


0.00" 
Oooo] 
_ 


* Results statistically significant as compared with control 


weight represented by the weight of the liver has been reported in other studies (4) 
to be as high as 5.34% after a choline free diet containing butter fat which was admin 
istered for only 16 days, in contrast to a value of 3.17% when choline was added to 
the regimen. In Laboratory B, no change in kidney weight was observed, as related 
to the sorbic acid intake and no histopathologieal changes in that organ. It may be 
coneluded that sorbie acid when incorporated in the diet at a level as high as 4% has 
no harmful effect on rats; at 8%, it is highly doubtful that any toxicity occurs within 
90 days. 

The results obtained ‘n the rats receiving sodium benzoate are in striking contrast 
to those noted in the sorbic acid tests. When this substance was present in the diet at 
the 8% level, the gain-in-weight of the survivors in the group over the 90-day period 
was only two-thirds of that of the control rats on an identical food intake. Statistieal 
analysis of the growth responses indicated that this was just below the usually accepted 
level of significance (p 0.06). This interpretation of a non significant difference 
does not mean that a real difference does not exist; the limited number of survivors, 
4 out of the original group of 8, resulted in the evaluation of such a limited number 
of responses that differences would have to be enormous to be signifieant. Further 
more, the weights of both the livers and kidneys of the rats in this group were sig 
nificantly higher (p 0.0005 and 0.0001, respectively) than were those of the control 
group. The weights of these organs were 140% of those of the control rats. Four rats 
died without infections during the study, and one is foreed to conclude that death was 
caused by the agents fed. Moreover, frequent pathological lesions were noted in the 





H. J. DEUEL, JK., R. ALFIN-SLATER, C. 8S. WEIL, AND H. F. SMYTH, JR. 


livers and kidneys of the group which received 8% of sodium benzoete, although they 
were seldom severe. 

At the 3 lower levels of benzoate feeding (4, 2, and 1%) one liver in each case 
was found with light cloudy swelling among the uninfected survivors of the several 
groups. Although this degree of pathological lesions was not found in the specific 
controls of the study, it is not an infrequent finding in control animals and probably 
should be considered as an artifact. If one accepts such an assumption, one is justified 
in coneluding that 4% of sodiuns benzoate in the diet is harmless under the conditions 
of the test. 

On the basis of these subacute toxicity tests, one may state that sorbie acid and 
sodium benzoate when fed at a level of 4% in the diet have no harmful effect on rats 
ina 90-day feeding study. Sorbie acid at S{: is probably harmless while sodium benzo 
ate at an SU level is definitely toxie. 

Subacute toxicity tests of sorbic and caproic acids on dogs. ‘The tests on dogs were 
designed to determine whether or not sorbie acid exerts any harmful effects when fed 
aus the free acid to puppies over a 3-month period following weaning. Two sets of 


controls were carried out, viz., one in which the dogs received a comparable dose of 


caproie acid to that of sorbie acid dnd the second in whieh the dogs received only the 


basal diet. 

Nine puppies from 3 litters were purchased commercially. The dogs from each 
litter were distributed between the 3 dietary regimens. In the ease of litter 2, which 
comprised 4 dogs, 2 were placed on the sorbie acid regimen. The dogs ate all 3 diets 
with gusto and only on several occasions were the diets not completely consumed. The 
animals were kept in separate cages for the duration of the test exeept that they were 
exercised in a large yard for one-hour periods each morning and afternoon. The dogs 
were fed once daily. Daily records were kept of their body weights. After the animals 
had been on several diets for 90 days, they were sacrificed, blood samples were obtained 
for hemoglobin determinations and the following organs were removed: liver, kidney, 
heart, lung, pancreas, stomach, small intestine, spleen, adrenal glands, thyroid gland, 
parathyroid gland, gonad, striated musele and skin. The tissues and/or organs from 
each animal were plaeed in 10% formalin fixative in glass jars and submitted to the 
pathologist*® for histopathological examination with a code number known only to the 
laboratory worker submitting the samples. 

The composition of the several diets is given in Table 6. The presence of sorbie 
or caproie acids in the diets was confirmed by the analyses earried out in the laboratory 
of The Best Foods, Ine. of samples forwarded to them; these analyses are recorded in 
Table 7. Table 8S gives the data on the food consumption and weight gains in the dogs. 

The animals seemed uniformly healthy, vigorous, and frisky during the experimental 
period except for a short interval when Dog 36 showed the presence of coccidiosis in 
the stools. The infection had been present in dogs previously purchased which had been 
disearded before being used for experiment. None of the other dogs employed in the 
present study became infected and Dog 36 made a quick recovery. At no time during 
the experimental period were there any additions or subtractions from the diet. 

With the exception of Dog 36 which had lost considerable weight during the period 
when he had coccidiosis, the gain-in-weight of the animals in any one litter on the 
several dietary regimens was fairly uniform. For example, in litter II, both dogs on the 
sorbie diet gained more than the caproate control but slightly less than the dog on the 
control diet. In the other 2 litters, the dogs receiving the caproate diet did as well as 
those on the control diet. 

The level of hemogledin at the termination of the tests was satisfactory in all cases. 
The values averaged as fcliows: control diet, 11.4% (3 dogs); eaproie acid diet, 13.6% 
(3 dogs); and sorbie acid, 12.2% (2 dogs). Although some minor pathological changes 
were noted in the tissues, no alteration was found to occur repeatedly, with any sig 
nificance, in any one group. it was therefore concluded that sorbie acid in an amount 
of 4% (5% on a moisture free basis) in the diet was harmless to dogs. This conclusion 
was based on the fact that the animals remained in exceilent condition throughout, by 
the lack of any specific abnormalities which could be detected on gross examination of 


*We are indebted to Dr. H. Russell Fisher, Professor of Pathology, University of 
Southern Californian School of Medicine, for the histopathological examinations. 
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TABLE 6 


Composition of the diets used in the growth tests of dogs with basal diet alone 
or with basal diet containing sorbic or caproic acid * 
LABORATORY A 
Basal diet Basal diet 
contamning containing 


Food component caproic acid sorbie acid 
(3) 


Cheddar cheese (mild)”. 

Margarine fat 

Cod liver oi! 

Sucrose... om 18.5 
Dextrin......... . - 15.0 
Cellu flour * 2.0 

Salt mixture *........ ; 1.8 

Dried brewer’s yeast “............. 5.0 

Liver extract "0.0.00... 1.0 

Caproie acid d 0.0 

PE I iiesecsiscccrnriennits ; 0.0 y +.) 

*The control basal diet contains 200% of moisture Diets 2 and 3, containing caproie and 
sorbic acid, respectively, involve an iso-caloric substitution. The diets are prepared as follows 
To the cheese, melted to a flowable mass, are added without further heating the cod liver oi! and 
the melted margarine fat, caproic acid, or sorbic acid, as the case may be. The mixed dry ingre 
dients are then added, and the blended mixture stored in the refrigerator. The chilled product 
was broken into small bite-size granules prior to feeding. Diets were kept at 45°F. for not longer 
than 2 weeks 

© Purchased in 25-lb. wheels from the Challenge Dairies, Los Angeles, Calif 

*Solka Floe which is a cellulose flour 

4Wesson modification (18) of salt mixture of Osborne Mendel (138 

* Anheuser-Busch, Strain G 

f Wilson, 1:20 liver concentrate 


TABLE 7 


The analysis of samples of diets used in dog experiments for sorbic acid and total fat 
LABORATORY A 


Fresh (F) Basal diet Basal diet 

= or Basal containing | containing 

Category week-old _ caproic acid | sorbic acid 
) ° 


diet (0) 2) (3) 


pH of 10% suspension in distilled water................ ¢ 1.8 
1.5 


Sorbie acid, ©" 


24.7 
Analysis of fat: 


Acid value* Tateae ia ais cela ca aaa 4 1304 
130.7 125. 


Peroxide value 4...........ccccccccececeeceeeceeeeee 54 6.0 61 
13.2 13.4 16.5 


Thiobarbiturie acid reaction,’ (Ei%,. at 535 mz).. 0,086 0.091 0.092 
0.108 0.127 0.126 


*Analyses conducted in the laboratory of The Best Foods, Inc. The diets were analyzed as 
received and after one week at 75°F Pa 

bAnalysis by spectrophotometric method described in (10) 

*Mgs. KOH per g. sample 

4Milliequivalents per kg 

*A measure of aldehydic oxidation products (fat basis) which react with 2 thiobarbituric acid 
to give a pink color with maximum absorbency at 555 ma under conditions of the test (14) 
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TABLE 8 


Summary of feeding tests on dogs 
LABORATORY A 


Dura 
Litter ; Dietary tion of 
and dog Description of litter regimen® ; feeding 
number test Start Ered Gain 


Weig! tin grams Hlemo 
globin 
atend 


daya 1 
Mixed cocker and KF 9] 1800 5100 33 14.0 
| 2425 5870 344: 13.8 


terrier ; M 
. b 


M Su 2300 430 


Half cocker M SS 1407 1360 285; 10.3 
M Ss 1365 3480 LOT: 14.0 
2 SS 1700 370 267 13.0 
M SS 1680 $000 232 11.5 


M a0 PO45 5800 3755 10.0 


I1I,: Half cocker 
: M OO 2145 6300 13.0 


a} iet 1 is control diet; Diet 2 contains 4% caproic acid (wet basis); and Diet 3 contains 


4°) sorbic acid (wet basis). 
‘Dog le (No. 36) was run over and killed on 89th day Animal had had coccidiosis from 2 


to 25th day but had recovered. 


ith 


the organs of the animals when they were sacrificed at the end of the feeding experi 
ments, and by the report of the histopathological examination of the tissues which 
showed no abnormal conditions, 

SUMMARY 

1. The results of the present experiments indicate that sorbic acid is 
harmless to rats and to dogs when incorporated in the diets to the extent 
of 5% (moisture-free basis). This conclusion is based on the following 
experimental findings : 

a. In tests with 2 different strains of rats conducted in 2 separate labo- 
ratories, the gain-in-weight of rats receiving diets containing up to 8% of 
sorbic acid was similar to that of rats on the basal diet free of sorbie aeid. 
Similar results were obtained in one series of tests involving supplementa- 
tion of a fat-free diet with 5% sorbic aeid. 

b. There was no evidence of abnormality in liver or kidney weights or 
of pathological conditions in other tissues of the rats receiving 4% of 
sorbate. Rats on the 8% sorbie acid diet exhibited a slight but statistically 


significant inerease in liver weight, expressed as percentage of body weight, 
but this represented merely an extremely mild enlargement of liver with- 


out micropathology. 

¢. Sorbie acid does not act as an antimetabolite for essential fatty acids 
in rats. It was likewise found that elaeostearic acid did not aet as an 
antagonist to the essential acids. 

d. The incorporation of sorbie acid into the diet did not decrease the 
utilization of the foodstuffs fed concomitantly, as determined from the effi- 
ciency ratio (gain-in-weight >“ 100) : calories consumed. Indeed, the present 
findings would seem to indieate that sorbie acid is utilizable by the animal 
organism as a source of calories. The results of metabolic studies to be 
reported have confirmed this interpretation. 

e. In tests with dogs, similar response was obtained when the animals 
received a 5007 Cheddar cheese diet with other food components alone, or 
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the same diet with 4¢¢ sorbie acid or 40% caproie acid incorporated as the 
free acid. A histopathological examination of tissues at the termination 
of the tests failed to indicate any pathological lesions attributable to the 
experimental diets. 

2. The results of the present experiments indicate also that sorbie acid 
is far less toxie than sodium benzoate. This conclusion is based upon the 


following experimental findings : 

a. Sorbie acid has been shown in 2 independent laboratories to have 
a relatively high LD... When fed as a free sorbie acid to rats, in one labo- 
ratory, the LD,, was found to be 10.50 g./kg. When fed as sodium sorbate 


to rats having access to food, the LD... was found to be 5.94 g./kg. (caleu- 
lated as sorbie acid) ; on the other hand, when fed to fasted rats, the LD,, 
was found to be 4.3 g./kg. for male rats and 3.65 g./kg. for female rats. 

b. Sodium benzoate was found to have an LD*° of 3.45 g./kg. in one lab- 
oratory with rats having access to food, and 2.1 g./kg. in another laboratory 
with fasted rats. The ratios of LD... (sodium sorbate): LD... (sodium ben- 


zoate) based on calculetions as the free acids, were found to be 1.72 and 
1.90 in the two laboratories. 

e. Unlike sorbie acid, sodium benzoate was definitely toxic to rats when 
fed at a level of 8‘ of the diet. Growth and survival were adversely 
affected and histopathological changes in liver and kidney occurred, 
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Il. METABOLISM OF a,6-UNSATURATED FATTY ACTDS WITH 
EMPHASIS ON SORBIC ACTDe!: 


HAKRY J. DEUEL, JR., CLARENCE E, CALBERT, LILLA ANISFELD, 
HARRY McKEEHAN, anp HARRY |}. BLUNDEN 
Tn partment of Biochemistry and Nutrition, University of Sout 


California, School of Medicine, Los Angeles, California 
Manus rapt rece ived June 5, 1953 


In the first paper of this series (7), it Was reported that sorbie acid, 
CH, -CH:CH-CH:CH-COOH, when administered as the free acid or as 
the sodium salt, has a lower toxicity than sodium benzoate. There was also 
some evidence that sorbie acid might be metabolized by the animal and 
used for growth as a source of calories, although the experiments were not 
carried out with sufficient precision to establish this point unequivocally 

However, if it could be demonstrated that sorbie acid is metabolized 
in the same manner as the normally-cecurring saturated fatty acids, then 
one would have proof of its complete utilization for the production of 
energy. The best way to approach the solution to this problem is to dete: 
mine to what extent the acid in question contributes to the development 
and excretion of ketone bodies in comparison with other fatty acids, A 
ketonuria does not occur normally when adequate carbohydrate is present 
in the diet. However, in the absence of the latter foodstuff, all fatty acids 
of even number carbon atoms are converted to ketone bodies which accu 
mulate and are then exereted as such in the urine. These ketone bodies 
represent intermediates in the fatty acid oxidation which under the influ 
ence of carbohydrates are completely oxidized to carbon dioxide and water 

There are several experimental reports which suggest that the metabo 
lism of sorbie acid and of the naturally-oceurring hexanoie acid, caproic acid 
(CH,-CHL,-CH,-CH,-CH,-COOH), is similar. The first hint of the iden 
tity in metabolic pathways of sorbie and caproic acids was the work of 
Cohen (5). He found that sorbic acid is strongly ketogenic and has a Qacoa. 
value of the same order as caproic acid. Witter, Neweomb, and Stotz (16) re 
ported that sorbic acid, 2-hexenoic acid (CHL,-CH,-CIL- CH: CIL- COOH), 
as well as caproic acid, are quantitatively transformed to aectone bodies, 
since all 3 acids, on a molar basis, yielded 1.5 moles of acetoacetate when 
treated in vitro with rat liver homogenates or with washed liver particulate 
matter. The similarity of the oxidative mechanism of sorbie and caproic 
acids is further indicated by the fact that they both required orthophos 
phate for the maximum rate of formation of acetoacetate when the fatty 
acids were oxidized in vitro with washed particles of rat liver as the source 


“Carried out under a research grant from The Best Foods, Ine 

"Paper No. 347 from the Department of Biochemistry and Nutrition, University of 
Southern California. 

“The material presented in this report comprises part of two papers (No. 41 and 
82 ) presented at the Boston meeting of the Institute of Food Technologists on June 


22-24, 1953. 
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of fatty acid oxidase | Witter, Newcomb, and Stotz (17)]. In fact, in the 
most recent report from this same laboratory (15), in which the role of 
adenosinetriphosphate in the activation of fatty acid oxidation in vitro is 
discussed, it is stated that ‘‘sorbic acid, an unsaturated 6-carbon acid, was 
used as a model substrate.’”’ 

Although the results of Cohen (5) and of Witter et al. (16-15%) are con- 
vincing for the isolated liver system, it remains to be demonstrated whether 
or not sorbie acid will behave in the same manner when metabolized in 
vivo. It must also be shown that the ketone bodies formed under such 
conditions will largely disappear from the urine as the result of an oxida- 
tion when carbohydrate is fed simultaneously with them. 

In order to determine whether or not sorbie acid follows the same path- 

ray of oxidation in vivo as the natural 6-carbon fatty acid, caproie acid, 
experiments were carried out on rats. No information would be obtained 
by feeding these acids to rats having access to food, sinee caproic acid and 
other even-number carbon acids are known to be oxidized completely to 
earbon dioxide and water under these conditions. The desired answer, 
however, can be obtained when the fatty acids are fed to fasting rats. In 
this situation, the rats will exerete largely the intermediate ketone bodies. 
Rats develop a ketonuria of small magnitude when fasted, and the keto- 
nuria is not sufficiently great for comparative studies (4, 6, 14). However, 
when the fasting rats are given ketogenie acids, they develop a ketonuria 
of considerable magnitude which is referred to as an erogenous ketonuria. 

The procedure for developing exogenous ketonuria in the rat provides 
an excellent method for comparing, both qualitatively and quantitatively, 
the intermediary metabolism of the several fatty acids. The results of 
Butts et al. (3) and of Deuel and co-workers (10) demonstrated that the 
feeding of equimoleeular amounts of butyric, acetoacetic, and caproic acid 
(as their sodium salts) to rats results in the production of identical lev- 
els of ketonuria while the administration of a similar dosage of caprylie 
(oetanoic) acid results in the elimination of about double the amount of 
ketone bodies (3, 10) as results from the aforementioned acids. Higher 
even-chain fatty acids when given in equimolecular amounts produce a still 
higher degree of ketonuria than obtains with eaprylie acid (10). On the 
other hand, the administration of odd-chain acids results in practically no 
ketonuria (10). 

The procedure of exogenous ketonuria can also be used to obtain valu-' 
able confirmatory information on sorbie acid homologues. Thus, a com- 
parison of the ketonuria following the feeding of equimolecular amounts 
of crotonie acid, CH,-CH:CH-COOH, and of butyrie acid as their so- 
dium salts would establish whether or not the sorbie acid-caproie acid 
relationship is a general one between 8-unsaturated fatty acids and the 
corresponding saturated acids. 

Studies were therefore made in one series of tests on the ketonuria 
resulting when equimolecular doses of sorbic, caproie, and butyric acids 
were given as their sodium salts to fasting rats without or with the simul- 
taneous administration of glucose. In a second series, a comparison was 
made of the extent of the ketonuria following the administration of butyric 
or crotonie acids as their sodium salts to fasting rats; a comparison of the 
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distribution of the ketone bodies in the uzine after these acids were giver 


was also investigated. 
EXPERIMENTAL 


The procedures employed were similar to those used in our earher tests (4). The 
animals were fasted for one day before the start of the experiment after which the 
body weight was determined on the morning of the first day. The animals were fed 
the fatty acids as their sodium salts by stomach tube at levels of 75 or 150 mg. (eal 
culated as acetone) per 100 sq. em. of body surface per day in divided doses in the 
morning and evening. In those cases in which glucose was also given, it was fed at a 
level of 75 mg. per 100 sq. em. when the acids were given at the lower level and at 
100 mg. per 100 sq. em. for the second to fourth day at 1,000 mg. per rat on the fifth 
day in the tests in which the ketogenic acids were fed at the higher level (150 mg.) 
Body surface was calculated by the formula of Lee (13) based on the weight on the 


first faust day. 

The rats were from the University of Southern California colony which had previ 
ously reteived the stock diet. Because of the higher ketonurika in the female rats as 
compared with the male rats (4), only female animals were used in these tests. The 


dosages of ketogenie acids chosen were ones which had been shown by previous experience 
to be sufficiently high to provide a marked ketonuria but ones which were erdinarily 
not toxie, 

During the urine collection the rats were kept in circular cages which were sup 
ported on glass funnels equipped with flasks below for collecting the samples. Cones of 
wire gauze were used in the funnels to trap the feces and so prevent contamination of 
the urine. Mineral oil was added to the collecting flasks so that it would cover the 
urine and so prevent the loss of acetone. The urine samples were collected once daily 
in the morning. The funnels were rinsed and the sample in the flask together with the 
washings were made up to volume. The urine from the first day was discarded as this 
was considered to have little importance during the orientation of the animals to the 
fasting regimen, 

Animals were supplied drinking water ad libitum during the course of the tests. 
Solutions of the sodium salts of the fatty acids and of glucose when given were ad 
ministered in the morning (after the collection of the urine sample) and at 5 PLM. 
The experiments were usually continued for 5 days, although the crotonate tests were 
continued for only 4 days. 

Approximately 20% aqueous solutions of the sodium salts of fatty acids were used 
in the feeding tests. The solutions were prepared by dissolving weighed amounts of the 
fatty acids in water with the addition of concentrated sodium hydroxide solution until 
the pH was adjusted to 7.40. The solutions were kept in the refrigerator between 
feedings. They were found to remain stable for at least a week under these conditions. 

Aliquots of the urine samples were analyzed for total acetone bodies and for the 
separate acetone body fractions by the gravimetrie procedure of Van Slyke (15). ‘The 
identity and purity of the samples of fatty acids were determined in each series of 
tests either in our own laboratories or in those of The Best Foods, Inc. as deseribed in 
the earlier paper (7). Sorbie acid was obtained from the Union Carbide and Carbon 
Company, New York; butyrie acid and ecaproie acid were purchased from the Matheson 
Co., East Rutherford, New Jersey; and Eastman crotonie acid was used. The latter acid 
was purified by recrystallizing it twice. In this ease, the purity of the product was 
established by melting point and equivalent weight determinations. 


RESULTS 


Tables 1 and 2 reeord the ketonuria whieh obtains in fasting rats receiving sorbie, 
cuproie, or butyrie acids as sodium salts at 75 and 150 mg. per 100 sq. em., respectively, 
alone or with glucose. The data on the ketonuria tests following the administration 
of sodium crotonate and sodium butyrate are included in Table &. 

The data presented in Tables 1 and 2 indicate that the path of metabolism of 
sorbie acid is identical with that of the corresponding 6-carbon saturated acid, eaproie 
acid, and with that of the 4-carbon derivative, butyrie acid. This conclusion is based on 
the fact that, when corresponding doses of the sodium salts of these acids were fed to 
fasting female rats, the proportion exereted in the urine as ketone bodies was approxi 
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TABLE 1 


The ketone body excretion in the urine of fasting female rats when fed butyric, caproic, 
or sorbic acids as their sodium salts in doses of 75 mg. daily (calculated as acetone) 
per 100 square centimeters surface area, without or with glucose 


Tests with fasted rats Tests with glucose-fed rats 
Category 
Kutyrate Caproate Sorbate  Butyrate Caproate Sorbate 


Ketogenie acid fed: 
Calculated as acetone, 
mg./100 sq. em 
Calculated as acid, 
mg./100 8q. EM....ccccceeeeeeeeee 
Average total daily dose fed, 


Glucose fed, mg./100 sq. em... 


Urinary ketone bodies, 
mg./100 sq. em." 
2nd day............ Dodkchohethaes 13.3(16) 17.8(16) 12.1015), 3.6(6) 8.516) 3.3 ( 
3rd day........ wdeebulia 18.0(16) 21.9015) 18.8(16)) 5.6(6) | 11.6(6) 5.0( 
4th day P a weeee/ 20.2015) 26.3013) 25.0015)! 6.7(6) 14.3(6) 
Sth day i ; , 27.4013) 29.9(15)  23.8(13) 6.2(6) 16.2(6) 6.8(4) 
.|29.822,1/'28.1+2.1) 24.44+1.4 6.4240.9) 15.222.0) 8.32%1.7 


(28) (28) (28) (12) (12) (9) 


Average 4.5 days* 


Reduction from control, mg. se meds ae 17.4 122 16.1 
4igures in parentheses indicate the number of experiments included in the average 
* Including the Standard Error of Mean calculated from the formula V2 dd? n-1l/ yn 

is the deviation from the mean and “n" is the number of observations 


mately the same. The results were identical, irrespective of whether the acids were 
administered at a level of 75 mg. or 150 mg. daily (caleulated as acetone) per 100 
sq. em. of body surface. When the acids were fed at the lower dosage, 37 and 33% 
respectively, of the amount of eaproie and sorbic acid appeared as acetone bodies in 
the urine. When the acids were fed at the higher level, 47 and 410¢, respectively, of 
the caproic and sorbie acid fed were excreted as ketone bodies in the urine. These 
results are considered to be identical within experimental error. They indieate that 
the normal pathway of oxidation of both eaproie and sorbie acids is via ketone bodies. 

In order to demonstrate that this ketonuria following the ingestion of sorbie acid 
is physiological, data are recorded on the effeet of moderately sized doses of glucose in 
suppressing it. In the tests in which the ketogenie acids were fed at the lower level 

“) mg.), as recorded in Table 1, the ketonuria was reduced by the 75 mg. dose of 
rose somewhat more in the case of sorbate than with caproate, but to the same extent 
as when butyrate was given. When the ketogenie acids were given at the level of 150 
mg. (Table 2), there was also a marked reduction in the ketonuria from the second to 
the fourth days when the glucose was given at the level of 100 g. per sq. em. A prac 
tically complete disappearance of ketonuria was obtained on the fifth day when 1,000 mg. 
of glucose was fed. These results indicate that the ketonuria observed after sorbate 
is identical with that produced after the administration of the normally-oceurring fatty 
acids. Under these conditions of normal alimentation, it is evident that sorbie acid is 
completely oxidized to carbon dioxide and water, as are the fatty acids normally present 
in fats; sorbie acid thereby would yield its entire 6.63 Cal. per g. for energy. 

The data presented in Table 3 indicate that crotorie acid and butyrie acid also 
have an identical intermed:ary metabolism. Not only were similar amounts of acetone 
bodies produced when cquimolecular quantities of the sodium salts of these acids were 
giver to fasting rats, but also the proportion of the total ketone bodies comprised by 
acetoacetic acid is the same within experimental limits. Blunden (7) coneluded that 
**In all probability, crotonie acid is an intermediate in the direct oxidation of butyric 


acid.’? 


, 
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TABLE 2 


The ketone body excretion in the urine of fasting female rats when fed butyric, caproic, 
or sorbic acids as their sodium salts in doses of 150 mg. daily (calculated as acetone) 
per 100 square centimeters surface area, without or with glucose 


Tests with fasted rats Tests with glucose fed rate 
Category 
Butyrate Caproate  Sorbate  Butyrate Caproate | Borbate 


Ketogenice acid fed: 
Calculated as acetone, 
mg./100 sq. em...... 150 ; 150 150 
Caleulated as acid, 


mg./100 sq. em............. 300 230 300 290 


Average total daily dose fed, 


mg. agg Too 3a G00 
Glucose fed: 
2nd-4th days, mg./100 sq. em. 
oth day, mg. 


100 Loo 100 
ood 1oao 1000 


Urinary acetone bodies, 
mg./100 sq. em.‘ 
2nd day... _— we 25.1018) 34.5(20) 34.9016 6.2010) 14.8110) 9.409) 
3rd day.. neni 83.2016) 55.1019) 39.9017) 8.4010) 16.4010) 20.008) 
ith day ” re vee O4.9(16) 67.9119) 58.6013) 10.819) 22.2010) 27.808) 
oth day *® 70.24%3.6 74.5%4.163.0+3.3 1.320.2. 4.50.2) 4.92%0.3 
14 16) (9 (9) (9) (7) 
verage :* 
$5 days... 75 1 71.24-3.3 60.843 
2 4 days S4+0.7 
20) 
Reduction from control, mg.” 68.9 


{Figures in parentheses indicate the number of experiments included in the average 
* Including the Standard Error of Mean caleulated as in Table 1 
"Calculated for 5th day only 


TABLE 3 


The ketone body excretion in the urine of fasting female rats when fed butyric or 
crotonic acids as sodium salts in doses of 150 mg. (calculated as acetone) 
per 100 square centimeters surface area ' 


Series II 
Catego.y 
Butyrate Crotonate 


Average body weight, gm. 3: j 132 
Urinary ketone bodies, mg./100 sq. em.’ 
Ist day 
2nd day.. 
ord day 


66.7(4) 
78.8(3) 
4$8.7(3) 
Average 64.9010 
Acetoacetice 

Ist day 


27.8 
ogo 
L444 


VO S 


2nd day 
3rd day. 
Average... 


‘Data from dissertation of Blunden (1) 
1Figures in parentheses indicate the numb riments included in the ay 
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DISCUSSION 


The present results establish the fact that the pathway of metabolism 
of sorbic acid and of its 4-carbon homologue, crotonic acid, is by way of 
the ketone bodies in the case of rats. The conclusions can now be based on 
quantitative data obtained tn vivo which are supported by earlier im vitro 
tests made on liver slices or homogenates. 

The question naturally arises as to whether or not the results obtained 
by the procedure of exogenous ketonuria on the rat employed here has 
general application. There are several facts which relate the identity of 
ketonuria in man with that in the rat. In the first place, an exogenous 
source of fatty acids will increase the degree of ketonuria in both species. 
Secondly, the ketonuria in both the human and rat is abolished by con- 
comitant ingestion of metabolizable carbohydrate. Thirdly, the markedly 
higher level of ketonuria occurring in women during fasting as contrasted 
with that occurring in men under the same conditions (4) is exhibited also 
in exogenous ketonuria both in rats and in guinea pigs (4). The same sex 
difference in ketonuria occurs as well in another type of experimental keto- 
nuria in rats, namely in endogenous ketonuria (11, 12). And lastly, the 
greater ketolytic action of galactose over glucose, which was first demon- 
strated in man (4%) has been shown to occur in rats when the experimental 
procedure of exogenous ketonuria was used (2). Thus, it is evident that 
the identity of the metabolism of sorbie acid and caproic acid, as demon- 
strated by the experiments on rats, must also be true for the human. 


SUMMARY 

1. The intermediary metabolism of sorbic acid has been shown to be 
identical with that of the normally-oecurring fatty acids, caproie and bu- 
tyric. The proof of this behavior is based on the demonstration by in vivo 
experiments on rats that an identical ketonuria obtains during fasting 
when these several acids are administered in equimolecular amounts. 

2. When glucose was administered with sodium sorbate to fasting rats, 
the decrease in ketonuria was shown to be similar to that noted when ear- 
bohydrate was given to rats receiving sodium caproate or sodium butyrate. 

3. Experiments are recorded in which it was shown that the ketonurias 
produced by the 4-carbon homologue of sorbic acid, namely crotonie acid, 
and by butyrie acid, are identical both qualitatively and quantitatively. 

4. These facts indicate that the a,8-unsaturated fatty acids are inter- 
mediates in the oxidation of the corresponding saturated acids. 

5. The conclusion is justified that under normal conditions of alimenta- 
tion, sorbie acid is completely oxidized to CO, and HO and thus yields its 


potential energy as calories. 
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In 1945, Gooding deseribed (1) a process for inhibiting growth of 
molds in or on food products by adding to the food or to the wrapper 
an alpha-beta unsaturated fatty acid. Sorbie acid, with the formula 
CH, — CH = CH — CH = CH — COOH, is one of the unsaturated fatty 
acids shown to be effective. Because of the conjugated double bonds, sorbie 
acid absorbs light in the ultraviolet region of the spectrum. Sorbie acid 
is steam distillable and this distillation is more effective from a saturated 
magnesium sulfate solution. Advantage of these properties of sorbie acid 
was taken in the development of a spectrophotometric method for the de- 
termination of the fatty acid (6). In the present study, the spectrophoto- 
metric method was adapted to the determination of sorbic acid in cheese 
and cheese wrappers. 

EXPERIMENTAL PART 


Background for the spectrophotometric test. In Figure 1 are plotted the ultraviolet 
absorption curves of sorbie acid; these show the influence of pH on the position of the 
absorption maximum, Rather than plot extinetion coefficients, the speetrophotometrie 
findings have been plotted in terms of extinction ratios, i.e. the ratio of the extinetion 
coefficient (or absorbaney) at a given wave-length to that at the absorption maximum. 
By this method of plotting, ready comparison ean be made between the absorption 
curve of any sample, regardless of dilution of the test material, and that of a product 
of known purity, for example, pure sorbie acid in water. 

It will be noted that both curves for sorbie acid in Figure 1 are sharply defined 
with an absorption maximum at 256 my with distilled water and at 262 my with aecidu 
lated water as the respective solvents. The extinetion coefficients are very large, a 
desirable feature in that the spectrophotometrie method enjoys a high degree of sensi- 
tivity. The absorption curve moves to the right as the pH of the medium decreases, 
but the extinction coefficient is affected to a very small degree. Thus, in the region of 
pH 4.05.9, blanketing the pH of distillates obtained in analyzing cheese for sorbie 
acid, the absorbaney need be determined only at the wave length maximum and sorbie 
acid concentration read from a reference chart. Correction for pH variations of the 
test solution is not required. 

Figure 2 gives a typical reference chart for converting absorbancy readings into 
concentration of sorbie acid. The method is very sensitive; quantities as low as 0.001 
mg. of sorbie acid per ml, can be determined with an error no greater than + 1%. 
Beer’s law is followed over the entire range of speetrophotometrie readings. 

The assay method. It is expected that sorbie acid will be used on the inside of 
cheese wrappers in an amount up to 5.0 g. of sorbie acid per 1,000 sq. in. of wrapper. 
The highest ratio of wrapper to cheese exists in the most popular commercial package 
(3% X3%X1% in.) used in packaging one-half pound of cheese. Such cheese would 
contain up to 0.2 g. of sorbic acid per half-pound (5), assuming complete migration 
of the sorbie acid into the cheese and complete retention of the sorbie acid. 

*This paper was presented in part at the Thirteenth Annual Meeting of the Institute 
of Food Technologists, Boston, Massachusetts, June 24, 1953. 
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—— Sorbic acid in distilled water; pH5.9; 
E14 256 my = 2,200 

*--- Sorbic acid in acidulated (H250,) water; 
pH 4.0; £1” 262 mu= 2,260 


iJcom. 


Figure 1. Ultraviolet absorption curves of sorbic acid as influenced by the pH of 
the solution. 


To a sample of cheese, finely cut and containing preferably 0.75 to 2.25 mg. of 


sorbie acid, in a 500-mi. distilling flask equipped with a side inlet tube are added 50 g. 
of magnesium sulfate and 50 ml. of distilled water. An adaptor with ground glass joints 
connects the distilling flask with a Friedrich’s condenser. This equipment should be 
of amber glass or, if clear glass is used, the distillations should be carried out in 
subdued light. The contents of the flask are heated with a Bunsen burner and approxi 
mately 40-45 ml. of distillate collected in the receiving flask. The distilling flask is then 
cooled by surrounding it with cracked ice and water. Another 50-ec. portion of dis 
tilled water is added through the side inlet tube, and after closing the inlet tube, an 
other 40-45 ml. of distillate are collected. After washing the condenser with hot (90°C.) 
distilled water, the combined distillates are made to a volume of 500 ml. The absorbancy 
of this solution is determined at 235, 245, 258, 260, 262, 270, and 280 my on the Beck 
man Spectrophotometer using quartz cells and the hydrogen discharge lamp versus 
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distilled water as a blank, i.e. to set the spectrophotometer at 100% transmission for 
each of the wave length readings. The pH of the solution used in determining the ab 
sorbancy readings will be 4.8 + 0.3 (maximal deviation). Due to this pH the absorp 
tion maximum of sorbie acid is at 260 mw (see Figure 1). 

The shape of the ultraviolet absorption curve will identify the material measured 
as sorbic acid, Absorbancy at 260 my is converted to mg. of sorbic acid per ml, of 
distillate (see Figure 2); calculations based upon weight of cheese sample taken for 
analysis and the dilution factor give the quantity of sorbie acid in the cheese. 

The same method is applicable to the analysis of cheese wrappers treated with 
sorbie acid as a dusting powder or as a solution or suspension in the wax coating. 
Hlowever, the pIl of the distillates from the wrappers is somewhat less acid (pH of 
5.0 + O.1) than those from cheese, so that maximal light absorption oceurs at 258 ma. 
The same reference curve (see Figure 2) may be employed for converting absorbancy 
to sorbie acid concentration, The differences in absorbaney values due to variations in 
pH of the medium are very small, in the order of & 1.5% over the pH range of 4.0 to 


5.9 (see Figure 1). 
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0.005 fF 











ESee 
lution = 4.8 
= 


ae we Se |e 


i 


pH of SO. 
[ 


: it l 
0.2 0.4 06 08 10 1.2 
Absorbancy at 260 mL 


Figure 2. Reference chart for converting ultraviolet absorbancy into sorbic acid 
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RESULTS AND DISCUSSION 
Reliability of the assay method. In the present study, a number of 
different cheeses and cheese products were subjected to sorbic acid analyses 
before and after supplementation with the fatty acid. The sorbic acid was 
completely and uniformly dispersed in each product (first softened) about 
15 minutes before the analysis. 
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The test samples comprised Natural American, Natural Brick, Blue, 
Natural Swiss, Sliced Processed American, and Smoked Provolone Salami 
Cheese. These samples are representative of cheese varieties of different 
degrees of firmness, cheese cured internally with bacterial starters, cheese 
that had been surface cured, cheese with mold added in addition to the 
bacterial starters, cheese with controlled gas formers in the bacterial start- 
ers, pasteurized cheese emulsified with additional skim milk solids, and 
smoked cheese masticated and pressed before internal curing. These sam- 
ples, supplied by Mr. Donald P. Smith of Milprint, Ine., West de Pere, 
Wisconsin, blanket the varieties of cheeses and cheese products to be packed 
in a wrapper containing added sorbie acid, 

In Table 1 are presented the results of the tests on the control and 
supplemented cheese samples. It will be apparent that excellent recoveries 
of added sorbie acid are obtained in all eases, varying from 89 to 96°, 


TABLE 1 
Applicability of assay method for sorbic acid in cheese 


Sorbie acid content per '% lb. of cheese 


Apparent 

in supple 
mented 
cheese 


| Apparent 
} in 
control” 


Recovery’ 


mag ‘ 
19.0 | a] 92.1 


Natural American 
182.0) 2 | 88.6 


Natural Brick 


Blue.. 38 / 184.0 | 9.5 89.6 


Natural Swiss...... 10 | , 198.0 | ‘ 96.1 
1.38 a 190.0 92.7 


Sliced Processed American 
Smoked Provolone Salami... ; ; 6.72 5. 190.0 92.1 


| 
| ! 
6.21 5.2 189.0 | 91.9 


Average 

*Ten g. of cheese macerated in 50 ec. of warm distilled water, cooled and made 
100 ml., filtered, pH measured on the Beckman pH meter 

‘Irrelevant absorption since none of the samples exhibited a curve typical of 
ie. no maximum at 260 mp 

¢Theoretical of 200 mg. per % Ib. of cheese in each case. Approximately 1.5 ¢. of cheese 
were taken for the analysis, since such a sample size contained about 1.5 mg. of expected sorbic 
acid, a value falling in the 0.75 to 2,25 mg. range specified in the method. The distillate of the 
control unsupplemented cheese of the same size sample was diluted to only one fourth volume in 
order to gain greater precision in the spectrophotometric measurements 


to volume of 


sorbic acid, 


with an average of 92°07. Small losses of sorbie acid of about 5°% are un- 
avoidable in carrying out the test. The cheese products contain no appre- 
ciable quantities of interfering substances; the apparent sorbie acid figures 
for the blank unsupplemented cheese samples due to irrelevant absorption 
are in this series less than 3°) of the true values following sorbie acid 
addition. 

In Figure 3 are plotted the absorption curves for the distillates of each 
of the cheese samples before and after sorbie acid supplementation. The 
distillates containing sorbie acid exhibit absorption maxima at 260 my; 
the pI of the distillates are 4.8 + 0.5 (maximal deviation). This absorp- 
tion maximum falls between 256 and 262 mp obtained for pure sorbie acid 
solutions at pH 5.9 and 4.0, respectively (see Figure 1 

Also inelnded are the curves for the supplemented samples after cor 
rection for the trrelevant absorption The absorption curves obtained in 
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Figure 3. Ultraviolet absorption curve. of distillates from cheese samples before and 
after supplementation with 200 mg. of sorbic acid per one-half pound. Distillate from 
1.50 g. of cheese brought to a volume of 500 ml.; A cheese supplemented with sorbic 
acid; C unsupplemented control cheese; and B curve for A corrected for C. 











testing the blank unsupplemented cheese products are plotted in terms of 
the same common dilution of distillates containing sorbic acid; actually, 
four-fold concentrations of the blank solutions were employed in the spec 
trophotometric tests in order to gain greater precision. It is immediately 
apparent on visual examination that the absorption curves for sorbie acid 
derived from cheese are identical with those for pure sorbie acid. 

Two distillations are called for in the seetion of this paper deseribing 
the assay method, Each distillate comprises a volume of 40 to 45 ml. From 
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pure aqueous solutions 83 to 88°. of the sorbic acid is recovered in the first 
distillate; the second distillation raises the yield to 95 to 10007. From 
cheese samples, the respective values are SO to 85% and 89 to 967°. No 


further increases in the recovery values are obtained on subsequent distil- 
lations. It is assumed that the unavoidable loss of sorbie acid is due to 
oxidation (3). 

In the assay of cheese samples, an aliquot containing preferably 0.75 
to 2.25 mg. of sorbic acid is employed. In most cases, this will require the 
testing of 1.5 to 5.0 g. of cheese. Obviously in a given test the per cent 
irrelevant absorption at 260 my, due to components in the cheese other 
than sorbie acid, will be inversely related to the amount of sorbic aeid 
present; it is necessary to test samples of greater size when the sorbie acid 
concentration is low. Illustrative data covering this point are presented 
in Table 2. The findings obtained in the present recovery experiments 
and in the migration studies to be reported in a following paper (2) were 
employed in drawing up this compilation. 


TABLE 2 


Illustrative data showing relationship of sample size to the contribution of irrelevant 
absorption at 260 mu in the spectrophotometric determination of sorbic acid 


Sorbic acid content per % tb. cheese Irrelevant 

Sampie absorption 
Apparent | n relation 

in supple Tr to that due 
mented to sorbie 


taken 
for 


Apparent 
test 


in 
control 
‘ cheese acid 


“ed 
190.0 3.1 


100.0 Oy 5.3 


Natural American 


Natural Brick 


Blue 


Natural Swiss 


190.0 


O34 


Sliced Processed American 


Smoked Provolone Salami 190.0 


bs 


It will also be noted from the data in Table 2 that (a) irrelevant ab 
sorption at 260 my due to components in the cheese other than sorbie acid 
is very small, of the order of 3.3 to 5.7 mg. of apparent sorbie acid per 14 
pound of cheese, (b) size of sample taken for the test has no significant 
effect on the apparent sorbie acid content of the unsupplemented cheeses 
when expressed on a unit weight basis (viz. per 1% pound of cheese), and 
(e) variations in the apparent sorbic acid content between different cheese 
varieties are exceedingly small and of the same order of magnitude as 
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between cheese samples of the same variety, less than 2 mg. per 14 pound 
of cheese. The irrelevant absorption by all the blank cheese samples exhib- 
ited no absorption maximum in that part of the spectrum where readings 


are made. 

In research studies, such as those covering the migration (2) and fate 
of sorbie acid (4) in packaged cheese, the apparent sorbic acid figures 
should be and were corrected for irrelevant absorption attributable to 
components in the cheese other than sorbic acid. For all practical purposes, 


however, reliable s.sihie acid estimates are obtainable in the absence of 
blank cheese sammtex, the small positive error due to irrelevant absorption 
being neutralized i»y the small negative error due to unavoidable analytical 
loss of sorbie ack: According to the ruling of the U. S. Food and Drug 
Administration, sorbic acid in cheese shall not exceed 0.10%. At this 
maximal sorbic acid concentration, the irrelevant absorption would amount 
to only about 3% of that due to sorbic acid present. In commercial oper- 
ations sorbie acid will be applied to wrappers in concentrations approxi- 
mating for the most part 2.5 g. per 1,000 sq. in. of wrapper (5). Such a 
wrapper can furnish sorbie acid to the outer 14 inch of cheese in coneen- 
tration of about 0.056% (5). This latter value is equivalent to 127 mg. 
of sorbic acid per 1% Ib. of cheese and at this concentration irrelevant ab- 
sorption amounts to only about 50 of that due to the sorbie acid present 
(see Table 2). At the lowest anticipated use level of 1.25 g. of sorbie acid 
per 1,000 sq. in. of wrapper, irrelevant absorption may amount to about 
10% of that due to the sorbie acid present. At lower concentrations of 
sorbie acid, the potential positive error due to the omission of a blank 
control cheese from the test may be as much as 20 to 25%, but there is 
little interest in such small sorbie acid concentrations, viz. 0.010 in the 
cheese or 23 mg. per 1% pound of product. It is of no practical significance 
whether the sorbie acid concentration is 28 mg. (apparent and true) or 
23 mg. (true) per 144 pound of cheese. These practical considerations lead 
to the recommendation that a test conducted on blank control cheese be 
omitted in routine plant operations. 

That sorbie acid degradation products do not interfere with the ana- 
Ivtical test will be demonstrated in subsequent reports covering migra- 
tion (2), oxidation (3), and mold metabolism (4) of sorbie acid during the 
storage of the same cheese samples in wrappers impregnated with sorbic 
acid. 

Recoveries of 90 to 100% of sorbie acid are regularly obtained in 
analyses of wax-coated cellophane wrappers treated with the fatty acid. 
No irrelevant absorption is obtained in testing the distillates obtained from 
the untreated wrappers. 

SUMMARY 


A spectrophotometric method for the estimation of sorbie acid in cheese 
and in cheese wrappers has been presented. The sorbie acid in the test 
sample is distilled at atmospherie pressure along with the water in the test 
system; this distillation is rendered more efficient by the presence of added 
magnesium sulfate. The sorbic acid in the distillate is identified by its 
characteristie absorption curve, and concentration calculated from the 
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absorbancy reading at the absorption maximum. The pli of the distil- 
late determines the position of the absorption maximum, at 256 mp in 
distilled water (pill 5.9) and at 262 my in acidulated water (pH 4.0) 


+ 


but the EF! value at the absorption maximum is constant, 2,200 3% 


(maximal deviation ). 
The spectrophotometric procedure has been shown to be a precise and 
specific method for the estimation of sorbie acid in cheese products of all 


varieties and in cheese wrappers. in practical operations it can be applied 
to the analysis of cheese or wrapper in the absence of blank unsupple 
mented samples. 
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(Manuseript reevived June 5, 1953) 


In a preceding report (2), a spectrophotometric method was described 
for the determination of sorbic acid in cheese and in cheese wrappers. In 
the present report are presented the results of studies to determine the 
speed with which the fungistatic agent migrates from wrapper into cheese, 
the depth of penetration, and the degree of sorbic acid retention in the 


packaged cheese. 

Sorbie acid is preferentially added as a dusting powder to the waxed 
surface of the cellophane wrapper in which the cheese is packaged (2). 
The sorbic acid treated surface rests on the cheese. The identities and 
properties of the packaging material, the wax and the cellophane, and 
the effectiveness of this method of sorbic acid application to protect 
cheese against mold spoilage are discussed by others (2). 


EXPERIMENTAL 


Preparation and storage of the test samples. The test cheese samples comprised 6 
products, the same as those employed in the preceeding study (1). These samples 
blanketed the varieties of cheeses and cheese products to be packed in a wrapper 
containing added sorbie aeid.” All samples were cut from a single large piece of 
cheese, representative of the age and condition of the specifie cheese when it would 
ordinarily be packaged for market. Tiese were chilled to 45°R.(7.2°C.) and. shipped 
4 days later to the laboratory of The Best Foods, Ine. On receipt, 7 days after packag 
ing, one set of samples was subjected to sorbie acid analyses and another set stored 
at 45°F. for a period of 6 weeks, It took several days each time to complete the large 
series of analyses on the samples before and after 45° R. storage. During each time 
of assay when some samples had to be held a number of days pending analyses, such 
samples were also held at 45°F. storage. The blocks of cheese were sliced just prior 
to sorbie acid analyses. Two duplicate sets of control cheese samples were also. in 
cluded, representing aliquots of the same cheese varieties, but wrapped without sorbie 
acid in the wrappers. 

Of necessity, sacrifice in the protective function of sorbie acid against mold eon 
tamination of cheese was required in a study of migration of the fungistatie agent 
from wrapper into cheese. In commercial operations, where full protection of the 
cheese is desired, all 6 faces of the bloek cheese would be in contact with the Wrapper 
containing sorbie acid. The sorbie aeid could then migrate toward the eenter of the 
block from all 6 faeces. Interpretation of the sorbie acid vaiues of consecutive cheese 
slices in terms of rapidity and degree of migration is difficult, if not impossible. By 
having the cheese block wrapped on only one face with a sorbie acid treated wrapper 
and on the other 5 faces with a conventional wrapper, migration of the fatty acid from 
wrapper into cheese ean proceed in only one direction. Analyses for sorbie acid content 
of consecutive slices prepared from such wrapped blocks would give values that are 


* This paper was presented in part at the Thirteenth Annual Meeting of the Institute 
of Food Technologists, Boston, Massachusetts, June 24, 1953. 

“The packaging of the cheese was performed by Mr. Donald P. Smith of Milprint, 
Ine., West de Vere, Wisconsin. 
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interpretable. The unprotected faces of the wrapped cheese blocks are susceptible to 
mold propagation, This was desirable from the research standpoint since it permitted 
at the same time a study of the effectiveness of sorbie acid in protecting cheese grossly 
contaminated with molds and provided a test system in which sorbie acid degradation 


by molds might occur. 

In order to make the tests even more meaningful, the quantity of sorbie acid 
applied to the wrappers of most of the cheese samples approximated 2.5 g. per 1,000 
sq. in, This level of 


of wrapper (applied to only one surface of the block of cheese). 
sorbie acid is one half of the maximum desired. One cheese variety was protected on 
one surface with a wrapper containing approximately 5.0 g. of sorbie acid per 1,000 
sy. in. of wrapper, the maximum to be used. In the case of the most popular com 
mercial package, the one-half pound units of cheese, with the highest ratio of wrapper 
to cheese, the 5.0 g. of sorbie acid per 1,000 sq. in. of wrapper are equivalent to 0.20 g 
of sorbic acid per half pound of cheese, or 0.09% of the cheese assuming complete 
migration and retention of the serbie acid.” By using for the most part the smaller 
concentrations of sorbic acid on the wrapper, greater opportunities are afforded for 
greater percentage losses of sorbie acid due to oxidation and mold deygradstion, if sueh 


could oceur, 


RESULTS AND DISCUSSION 


Thus, the present test systems were not intended to provide data on the 
effectiveness of sorbie acid as a fungistatic agent, but rather on the migra 
tion of sorbie acid from wrapper into cheese and on the mechanisms re 
sponsible for the disappearance of sorbic acid from the cheese. Smith and 
Rollin (2) will present data designed to measure the effectiveness of 
sorbic acid in protecting cheese, wherein each sample was protected on 
all faces with sorbie acid. 

In Table 1 are presented, for illustrative purposes, the results of the 
migration studies conducted on one of the cheese varieties before and after 
storage. A summary of the migration findings with all the cheese products 
is Shown in Table 2. 

For greater accuracy, all values for sorbie acid were corrected for the 
small irrelevant absorption exhibited by the control unsupplemented cheese 
samples. In every case when sorbic acid was found, the typical spectro 
photometric absorption curve with a maximum at 260 my was obtained 
In every case when no sorbie acid was found, the absorption curve agreed 
with that obtained in testing the control unsupplemented cheese sample 
Such spectrophotometric findings, also noted in the tests carried opt on 
the cheese varieties (including the blank control cheese products) follow 
ing 6 weeks’ storage at 45°F... emphasize the specificity of the test for 
sorbie acid. The holding period at 45°F. was sufficient to blanket the 
marketable life of most of the cheese samples, certainly of all the control 
unprotected cheese products. 

From the results presented in Tables 1 and 2, it is obvious that 
sorbie acid migrates rapidly from wrapper into cheese. Even in) those 
samples assayed just after having been received from the Milprint Labo 
ratory (7 days after packaging), sorbie acid had migrated into the third 
to the ninth slice, on the average into the fifth slice. After storage for 6 
weeks at 45° F., migration o: sorbic acid had proceeded further into the 


This calculation is based upon the packaging of a cheese block measuring 32% 
34% & 1% in., with all 6 faces of the block in contact with the sorbie acid treated 


wrapper (2). 
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TABLE 1 


Migration of sorbic acid (S.A.) from wrapper inco Sliced Processed American Cheese 
and retention of the sorbic acid 


Sample prior to storage4 Sample after 6 weeks at 45°F.¢ 


8. A. in Migration S. A. in Migration 
cheese of SLA cheese of SLA 


0.02320 O.0131 16.7 
O24 3 O.O156 10.8 
0.0120 5.3 WOTT2 14.1 


060 . Riley) B 


7 
010 3 OO87 1. 


l 


O00 J 024 ,. 


S000 i mL beee 
ena OO2S 
A000 4 OOS 


‘ O.n000 : 000 


Recovery of S.A 
From cheese 


Prom wrapper . 
From both. 100.0 
©Kach \%& inch in thickness and numbered with respect to proximity to the sorb acid treated 
wrapper 

4Sorbie acid added in the amount of 2.20 g. per 1 
acid migrated and been retained in the first slice adjacent to the wrapper, 
O.07TR4% of sorbic acid in the cheese would have been obtained 

Sorbie acid added in the amount of 2.22 g. per 1,000 sq. in. of wrapper. Had all the sorbic 
acid migrated and been retained in the first slice adjacent to the wrapper 1 concentration of 
O.0TI0% of sorbie acid in the cheese would have been obtained 


O00 sq. in. of wrapper Had all the sorbie 
1 concentration of 


cheese, into the seventh to the ninth slice, on the average into the eighth 
slice in the ease of those samples still showing sorbic acid retention. The 
per cent of initial sorbie acid still remaining on the wrapper was small 
and variable, although the wrappers showed a decrease in residual sorbic 
acid content following storage of the wrapped cheese products. The vari- 
ability in percentage retention of sorbic acid by the wrapper of the fresh 
cheese samples and the tenacity with which some sorbie acid is retained 
by the wrappers of some cheese products, despite complete disappearance 
of the sorbic acid that had migrated, is easily explained. In sprinkling the 
sorbie acid crystals on the freshly waxed cellophane, some solution and 
embedding of the fatty acid in the plastic wax coating occurs. The degree 
of such solution and embedding is variable, depending upon the degree to 
which the wax coating had set up; temperature and time are the variables 
in this operation. Sorbic acid so retained on the wrapper can migrate only 
with great difficulty. 

In a number of cases, total sorbie acid recovery from cheese and from 
wrapper of the fresh samples was poor. In the stored series, only one sam- 
ple—the Natural American Cheese in the wrapper containing the higher 
concentration of sorbie acid-—-exhibited no loss of sorbic acid. 

These findings emphasize a point made earlier in this report; namely, 
the use of the smaller concentrations of sorbic acid in the wrapper and the 
method of wrapping, involving protection of only one surface of the block 
of cheese, provide a test system favorable for the study of sorbie acid 
degradation. Had all cheese samples been wrapped on all faces with a 
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sorbic acid wrapper, containing 5.0 g. of the fatty acid per 1,000 sq. in. of 
wrapper, sorbie acid disappearance might not have been deteeted at all. 

Subsequent studies (3, 4) have revealed the mechanisms responsible 
for sorbic acid disappearance from packaged cheese. These studies will 
also add further data in support of the specificity of the spectrephoto- 
metrie method for sorbie acid in cheese; sorbic acid degradation products 
do not interfere with the assay method. 


SUMMARY 

Ina study of cheese products of all varieties, it was found that sorbic 
acid migrates rapidly from wrapper into cheese. The per cent of initial 
sorbic acid still remaining on the wrapper is variable but small, well 
under 10%. Sorbie acid migrates into about the fifth slice of cheese, each 
slice one-eighth inch in thickness, within a period of less than 2 weeks. 
Krom cheese packaged in a wrapper with a higher concentration of sorbic 
acid, 5.0 g. per 1,000 sq. in. of wrapper, full recovery of sorbie acid is 
obtained before and after extended storage. This concentration of sor- 
bie acid is equivalent to 0.09°7 sorbie acid in cheese in the commercial 
packaging of the conventional one-half pound unit; this unit has the 
highest ratio of wrapper to cheese. Sorbie acid, when used in suboptimal 
quantities, disappears from packaged cheese; in some cases the losses are 
complete. This has prompted further studies to determine the meehan 
isms responsible for sorbie acid disappearance and the identity of the 
degradation products. 
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In the preceding report dealing with the migration of sorbie aeid from 
wrapper into cheese (73), it was shown that not all the sorbie acid added 
to the wrapper could be accounted for following analyses of cheese and 
wrapper. In planning this study (73), conditions favorable for sorbie aeid 
degradation were deliberately introduced. The sorbie acid losses noted in 
some of the freshly wrapped cheese products and in most of the products 
following 6 weeks’ storage at 45°F .(7.2°C.) were found to be large; in 
gome cases, these losses actually amounted to all the sorbie acid that mi- 
grated from the wrappers. The failure to account for the added sorbie acid 
was not due to limitations of the analytical method (12). 

Sorbie acid is an unsaturated fatty acid corresponding to the saturated 
acid, caproic; the latter is found in butterfat in concentrations of 1.5-2.5%. 
Its formula is shown below along with those of the unsaturated fatty acids 
common to edible vegetable oils and/or animal fats. 


Moleeul: 
Fatty acid sn om 


Sorbie 2 CH,—CH -CH—CH—CH—COOH 


Formula 


Oleic ORs Cli,—(CH,);-—CH--CH — (CH,),--COoH 
Linoleie CH,—(CH,),.—CH= CH—CH,—CH > CH —(CH,), 
Coon 


Linolenie 27 CH,;—CH,—CH — CH —CH,—CH =CH—CH,—CH 
CH—(CH,),—COOH 


CHs— (CH.).—CH = CH —CH,—CH =CH—CH,—CH 
CH—CH,—CH=CH — (CH, ),;—COOH 


Arachidonic 


Sorbie acid is not only a shorter-chain fatty acid, when compared to the 
other unsaturated fatty acids, but also differs from the others in that it 
contains double bonds in corijugated position. Although sorbie acid, as 
such, has not been found in nature, fatty acids with conjugated double 
bonds (conjugated dienes) have been shown to oecur in all food fats in 
amounts of from 0.1-1.0%, the latter value having been obtained in the an- 
alysis of butterfat (3, 4). One would expect sorbie acid, like the natural 


* This paper was presented in part at the Thirteenth Annual Meeting of the Institute 
of Food Technologists, Boston, Massachusetts, June 24, 1953. 
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unsaturated fatty acids, to be susceptible to oxidation by atmospheric 
oxygen. 

In the animal body, sorbic acid is oxidized at the same rate and to the 
same degree as caproic acid, the related food fatty acid, both fatty acids 
being oxidized to acetoacetic acid and acetone in the absence of glucose 
and to carbon dioxide and water when glucose is simultaneously ingested 
(5). The same was noted in studies of the in vitro oxidation of these 2 
fatty acids by liver enzymes (24). The latter investigators have just re- 
cently used sorbic acid ‘‘as a model substrate’’ in a continuation of their 
biochemical studies of normal fatty acid oxidation (25). The alpha unsat- 
urated fatty acids have been considered to be normal intermediates in the 
enzymic oxidation of the saturated fatty acids (5, 24, 25). 

In systems free of enzymes capable of promoting oxidation of fatty 
acids, the saturated fatty acids (viz. caproic or stearic acids) are very 
resistant to oxidation. The unsaturated fatty acids, on the other hand, 
are susceptible to oxidation, the rate of oxidation being greatly exagger- 
ated as the number of double bonds in the molecule increases. Linoleic 
acid (with 2 double bonds) exhibits an oxygen uptake at 100°C. after 
60 minutes not twice that of oleie acid (with one double bond) but an 
oxygen uptake which is actually 50 times greater (18). Linolenie acid 
(with 3 double bonds) absorbs under such conditions fully 95 times as 
much oxygen as that absorbed by oleic acid (15). In the oxidation of the 
polyunsaturated fatty acids, peroxides are formed, and at the same time 
these decompose spontaneously causing chain scissions resulting in car- 
bony] groups in some molecules. Straight-chain aldehydic degradation prod- 
ucts with and without double bonds have been shown to be produced as 
a result of oxidation of cottonseed oil (22), corn oil (1), soybean oil (10, 
19, 21), and butterfat (17). These are held to be largely responsible for 
flavor defects in fatty foods. Indeed, the thiobarbituric acid test for alde- 
hydie oxidation products appears currently to be the method of choice in 
objectively determining oxidized flavors in milk fat (17) and in milk (6). 
The test previously applied, the Kreis color reaction, is based upon the 
detection of a specific aldehyde, epihydrin aldehyde, and thereby lacks 
sensitivity in predicting and measuring flavor defects (6). Like the per- 
oxides, the aldehydie products reacting with the thiobarbituric acid rea- 
gent are unstable intermediates in the oxidation of fats. A given peroxide 
or aldehyde value is the resultant of 2 reactions, one leading to develop- 
ment of the peroxide or aldehyde, the other to degradation. 

The possibility therefore existed that sorbie acid, a polyunsaturated 
fatty acid, applied to the surface of the cheese might be subjected to oxi- 
dative degradation to give rise to products not absorbing light appreciably 
in the region where sorbie acid absorbs (12). Under such circumstances, a 
major portion of the sorbic acid could disappear from the packaged cheese 
and the test distillates containing the residual sorbic acid could still give 
spectrophotometric absorption curves" characteristic of pure sorbie acid. 


*Plotted as extinction ratios, i.e. the ratio of the extinetion coefficient (or absorb- 
ancy) at a given wave length to that at the absorption maximum. By this method of 
plotting, ready comparison can be made between the absorption curve of any sample, 
regardless of dilution of the test material, and that of pure sorbie acid (72). 
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EXPERIMENTAL 


Sorbie acid, as commercially available,” was found to be a surprisingly stable com 
pound. In Figure 1 are plotted the spectrophotometrie absorption curves for a sample 
of pure recrystallized sorbic acid, and commercially available sorbic acid after storage in 
fiber drums under air for periods of one and 3 years at prevailing room temperatures, 
It will be noted that all 3 samples are identical in shape of the absorption curve, in 
position of the absorption maximum, and in extinction coefficient at the absorption maxi 
mum. Sorbie acid as such may, therefore, be regarded as a non-perishable material 
by the food processor and by the manufacturer of wrapping materials to be treated 


with sorbie acid. 


Extinction ratio 
EA/E 256 mL 
1.0 


ym 


rr 














230 250 270 290 
Wavelength (my) 


0.0005% Sorbic Acid 1% 
in Distilled Water Ej cm, 6mm 


© Pure recrystallized sample 2,200 
* Commercial sample, lyr old 2,180 
x ° “  ,3yps.old 2,200 


Figure 1. Stability of commercially available sorbic acid stored as such in fiber 
drums under air for extended periods. 


A study of the susceptibility to oxidation of sorbic acid in comparison to that of 
oleic, linoleic, and linolenic acids was then 


the common unsaturated fatty acids 
0.5% 


conducted. Each of the fatty acids of demonstrated purity’ was dissolved in 
concentration in paraffin wax containing no antioxidants and melting at 180° F.(54.4°C.). 
The butterfat was separated from fresh butter by warming at 120°F.(49°C.) and 
dried by passing through absorbent filter paper. Twenty-five g. samples of each test 
system under air in 250ml. jars with fitted covers (not hermetically sealed) were 
stored at 140° F.(60°C.), Onee a day, the contents of each jar were mixed by swirling. 
"Supplied by Carbide and Carbon Chemicals Company, a division of Union Carbide 
and Carbon Corporation, New York, N. Y. 

(Union Carbide and Carbon Corporation) and oleie aeid (USP XIV, 


“Sorbie acid 
and linolenie acids 


Mallinckrodt Chemical Works) were used as such, The linoleie 
(Hormel Foundation, Austin, Minn.) were obtained as the methyl esters and were so 
used; results of the tests on each system, however, were calculated to the free fatty 


acid basis. 
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At frequent intervals throughout the overall storage period of 30 days, one set of 
samples covering all test systems was removed for analyses. Peroxide determinations 
(23) were conducted as one index of fatty acid oxidation and the thiobarbiturie acid 
test (17) for measuring residual aldehydic degradation products. Since the fatty acids 
differ in molecular size and in degree of unsaturation, the results of the analyses are 
also presented on a mol basis and per unit of unsaturation per mol. In the ease of the 
butterfat, results are expressed only in terms of those polyunsaturated fatty acids found 


TABLE 1 


Oxidation of sorbic acid and of the naturally-occurring polyunsaturated 
fatty acids alone and in butterfat 


| TBA reaction product for 


| Peroxide value, m.e¢ aldehydic oxidation 
| 
products 
Duys 
Material } at i Per kil Per unit E value per 
| ‘ ‘ . 
fatty . . | unsatu EK unit of un 
ad j ration value? | saturation 
nee 
“ per mol per mol 


Oleie aeid® 0 0 0 
7 0 0 0 
0 
0 
‘) 


i) 
410 | } 35 
rt | 14 
2 200 P 6S 


Linoleic acid’ 


9390 | 2,630 | c 88 

10,100 | 2,830 | ; 77 

Linolenie acid’ 1,470 409 | 600 
‘ 1,470 | 109 1,090 

2,520 701 | 4 1,840 
3,360 | 935 | 312 | 4,320 
O70 } 1,100 3,680 
530 G82 | 1,420 


° 
3, 


0 oO | 0 | 58 

760 85 43 | 102 

| 1,480 | 166 | 83 72 
| 2400 269 135 214 
2400 | 269 135 122 

2 400 269 o8 


Sorbie acid® 


| 

| 
Butterfat® | 0 Oo | 0 
4 0 0 
74 | 21 9 
5 35 15 
| 1,880 530 230 
| 5,160 1,450 631 
1,880 530 230 


13 
| 17 
} 21 
| 30 


4Molecular extinction coefficient. 
*As free acid, 0.5% in parafiin wax 
fAs methyl! esters, but calculated as 0.5% free acid in paraffin wax. 
S All values expressed in terms of only the polyunsaturated fatty acid content: 
PRINT <0 cen slascideleieladiiailaessonemibeenbeusneesvbersrestie ; 
Linolenic acid.. oust ; ; 
Arachidonic acid cancie 
Total of the polyunsaturated fatty acids is 4.9%, with a weighted average molecular 
and a weighted average unsaturation of 2.3 double bonds per mol 


weight of 281 





SORBIC ACID AS A FUNGISTAT FOR FOODS. V. 37 


Jars containing paraffin wax alone 


‘ 


by spectrophotometric analysis (2) to be present, 
were similarly stored for eontrol purposes, 


RESULTS 


The results shown in Table 1 demonstrate that sorbie acid degradation 
of oxidation by air follows the same mechanism operating in the oxidative deterioration 
is very much more 


as a result 


of the naturally occurring polyunsaturated fatty acids. Oleie acid 
conditions of test. This 


resistant to oxidation than linoleie and linolenic acids under the 
cited, 


is confirmatory of the observations made by Riemenschneider (18), previously 
The results obtained with oleic acid were the same as those obtained with the parafiin 


solvent alone and justify the expression of results on butterfat in terms of only the 


polyunsaturated fatty acid content. Linoleic acid exhibits a peroxide development dur 


ing oxidation apparently much greater than that of lineienic acid, known to be more 
" The reason for this seemingly anomalous observation is 


susceptible to oxidation (75). 
It will be noted 


the much greater stability of the peroxides formed from linoleic acid 
that the concentration of aldehydic degradation produets derived from Jinolenie acid far 
exceeds that from linoleic acid. Sorbie acid oxidation falls in between that of linoleie and 
linolenic acids in concentration and type of residual products (peroxides and aldehydes 

The concentrations of peroxides from sorbie acid more closely approximate those derived 
from linolenic acid while aldehyde concentrations more closely approximate those ob 
In the case of the polyunsaturated fatty acids in butterfat, 
pro 


tained with linoleie acid. 
idehyde formation are inhibited during the early period, but then 


peroxide and 
induetion 


ceed at rates comparable to those noted with sorbie acid. The finding of an 
to the presence of natural tocopherols in 


period in the oxidation of this system is duc 
All the other test systems were free 


the butterfat, about 3 mg. per 100 yg. of fat (8, 9). 


of antioxidants. 

As further proof that oxidation of sorbie acid is identical to that of 
occurring polyunsaturated fatty acids in type of degradation products and 
of oxidation, spectrophotometrie analyses (12) were conducted periodically on the sorbic 


the naturally 
in dey re iM 


acid test systems. There was noted a progressive loss of sorbie acid, but in plotting 


the resuits in terms of extinetion ratios (FE A/E 256 my) all eurves were identieal, 
duplicating those in’ Figure 1. Had there been formed any af unsaturated carbonyl 
compounds of the structure —CH CH—C —O, distortions in the speetrophotometrie ab 


sorption curves for residual sorbie acid would have been noted. These earbonyl eom 


pounds also exhibit intense absorption in the ultraviolet but with maxima at the lower 
wave lengths of 210 225 mu (7, 717); negligible absorption occurs in the region where 
(250 mua). For a more direet comparison of the ultra 


sorbie acid absorbs maximally (2: 
violet absorption curves, reference is made to Figure 2. Here are plotted absorption 
curves for sorbie acid, crotonaldehyde’ CCH )CH => CHCHO), and ethylidene acetone? 


CHLCH CHEOCH,), each, however, in water solution. The coneentrations of the 


CH--CH—€ —~O compounds are equivalent on a molar basis to that of the sorbic 
acid. The absolute absorptions at the respeetive wave length maxima are listed as 
the Ei™, values. The arrows originating at the 235 mya readings and pointing to the 
ordinate, graduated in per cent absorption relative to an equivalent amount of sorbie 
acid, indicate the extent to which readings at 235 my for sorbic acid would be distorted 

increased relative to readings at the sorbie acid maximum) if conversion to these 
carbonyl compounds took place. No such distortions were noted in the absorption 
curves for residual sorbie acid in the test systems incubated at 140°F, (see Table 1). 


Caleulations indicated that a change of as little as 1% of sorbie acid to the unsaturated 


"In this and in the subsequent comparisons, the common denominator is the result 
per unit of unsaturation per mol. 

‘Obtained from The Matheson Co., East Rutherford, N. J.; redistilled; B. P. 
(".; refractive index 14389 at 17.3°€, 

1Synthesized from acetaldehyde and acetone aceording to essentially the same method 
usede by Evans and Gillam report (7); B. P. 122 -(.; refractive index 1.4410 at 
19.6°C. The importance of this ketone will be discussed in a subsequent report dealing 


102.5° 


with ketonic rancidity promoted by molds 
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earbonyl compounds, after the 7 days of incubation leading to maximal aldehyde forma 
tion, had not occurred despite 69% loss of sorbie acid. The same spectrophotometric 
findings were obtained when the sorbie acid test system was simply dissolved and read 
versus the unsupplemented paraffin wax of same concentration in cyclohexane. 

At the end of the 30-day holding period, all test systems were subjected to spectro 
photometric analysis for residual polyunsaturated fatty acid content. The tests on the 
sorbie acid and butterfat systems were carried out without difficulty. The analyses of 
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Wavelength (myz) 
—- Sorbic acid 0.00045% in water 
E1% 255 my = 2,200 


1cm. 
—— Crotonaldehyde 0.000282 % in water 


EIA 223 my = 2,600 
---- Ethylideneacetone 0.000338% in water 
19 - 
E12 225 m= 1,570 


Figure 2. Ultraviolet absorption curves of equivalent concentrations of sorbic acid 


“. 


and related a s-unsaturated carbony! compounds in water solution. 


the paraffin wax solutions of linoleic and linolenic acids had to be abandoned because of 
the interference of the high ratio of paraffin wax to fatty acid* in both the isomeriza 
tions with the glycerol: KOH solution (2) and in the preparation and in the speetro 
photometrie reading of the final solutions. Ninety-three per cent of the sorbie acid 
had been destroyed at the conclusion of the test, while in the case of the polyunsatu 


“Initially 0.50 of the fatty aeid (as the methyl ester) in paraffin wax of 130°F, 


melting point. 
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rated fatty acids in butterfat, 96 had been destroyed.' Thus, in rate and degree of 
non-enzymie oxidation and in character of degradation products, sorbie acid is no dif- 
ferent from the naturally occurring polyunsaturated fatty acids. 

With the above as background, attention could now be directed toward an investi 
gation of non-enzymie oxidation of sorbie acid as a faetor which might have been 
responsible for the disappearance of sorbie acid from the cheese products wrapped in 
sorbie acid-treated wrappers (73). The products in the regular and in the treated 
wrappers were analyzed for peroxides and aldehydes by the methods previously cited 
(1), 23), Analyses were conducted on the samples before and after the 6 weeks’ stor 
age of the cheese products at 45 F. (73). The thiobarbituric acid test is direetly apple 
able to the whole cheese sample (6). Theoretical recoveries of peroxides were obtained 
when a raneid fat (peroxide value of 200 m.e. per kg.) was blended in 4% concentra 
tion in the cheese products and then subjected to direet analysis 

The previous report (J) indicated that sorbie acid could migrate from the wrapper 
into the ninth slice of some products (each slice one eighth inch in thiekness) or to 
an overall depth of i', inches during the storage of the cheese. Based upon the quan 
tity of sorbie acid applied to the one face of the wrapper and that retained on the wrapper 
after storage of the cheese, the theoretical quantity of sorbic acid in each of the cheese 
products (to a depth of 14 inehes) was ecaleulated. Analyses gave the quantity of 
sorbie acid recovered from the cheese and by difference from the theoretieal, the quan 
tity of sorbic acid destroyed was ecaleulated. This gave the theoretical maximum of 
sorbie acid available for peroxide and aldehyde formation, 

A plug was drawn from each cheese sample, L's inches in depth from the surface 
adjacent to the wrapper, mixed to obtain uniformity and then subjected to analyses 
for peroxides and aldehydes present. Two control samples free of serbie acid were 
included in the study; one constituting cheese prior to storage, the other cheese after 
storage at 45°F. for 6 weeks. The samples in the sorbie aeid treated wrappers were 
analyzed only after the holding period since calculations indicated that aldehydes de 
rived from sorbie acid in the freshly packaged cheese are negligible.y™ The results of 
these tests are presented in Table 2. 

It will be noted that there was no correlation between loss of sorbie acid and the 
concentration of fatty acid oxidation products in the cheese products stored under the 
same conditions and for the same periods in sorbie acid treated wrappers. Only the 
Natural Brick cheese had a measurable peroxide value, and it was of (he same order 
of magnitude obtained in analyzing this cheese prior to storage. All of the other 
samples gave zero peroxide values before and after storage. The aldehyde values were 
small and variable from cheese to cheese, from the fresh to the stored control sample, 
and from the control stored sample to the stored sample in the sorbie acid-treated 
wrapper. These findings and those obtained in tests on pure systems (previously pre 
sented) indicate unequivocally that the disappearance of sorbie acid from packaged 
cheese is not due to oxidation. 

As was mentioned earlier, the unsaturated carbonyl compounds of the formula, 


—C=CH—C=O0, exhibit intense absorption in the ultraviolet at shorter wave length 


'The speetrophotometrie analyses (2) indicated that of the 4.9% total of polyun 
saturated fatty acids in the butter fat (see footnote ‘*d’’ to Table 1), only 0.2% 
remained. Based upon the finding of an absorption maximum at about 268 mu, the value 


was expressed as linolenic acid, It is more likely that the acid measured was the perox 
ide of linoleie acid following alkali isomerization, It has been shown that the oxidation 
of the unsaturated acids may lead to the introduction of another double bond into the 
fatty acid melecule in the proper position to cause an apparent increase in a fatty acid 
of higher degree of unsaturation (75, 16). The data in Table 1 of this report demon 
strate that the peroxides of linoleie acid are quite resistant to scission to form earbony! 
compounds. The peroxides of linolenic acid, on the other hand, split easily to yield 
aldehydie compounds. The above explains the finding of what appears to be residual 
linolenie acid in the butterfat and the failure to find any apparent arachidonie acid in 
the fat. 

"For a cheese sample free of aldehydes and containing 10 mg. of sorbie acid per 


100 g., the maximal E}%m. value is 0.0005, 
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maxima than sorbic acid, The shapes of the absorption curves obtained in testing the 


cheese products still retaining sorbie acid were characteristic of that for pure sorbie 
acid.” The presence of the unsaturated carbonyl compounds in the sorbie acid test 
systems would have caused a distortion in the spectrophotometric absorption curves in 


the shorter wave length, i.e. raising of the left leg of the absorption curve for the 


TABLE 2 


Lack of correlation between loss of sorbic acid and concentration of 
fatty acid oxidation products in cheese “ 


| Sliced . | 

| Proc Smoked | 
Natural | Natural Blue | Natural eased | Provo- 

American) Brick | Swiss 


Natural 
EY Ameri 
Ameri- | Jone can 
can Salami 
| 

Sorbie acid recovery 
from cheese 

Theoretical, mg./109 g..... 

Found, mg./100 q. 


Sorbie acid loss, mg./100 gq. 
Peroxide value, m.e./kq@.... 


1.BLA. renet ion,” 


Bm, 535 my - 0.015 | 0.007 0.014 O.004 O08 O.003 O.007 


Control stored" O.O1S O.004 O05 0.002 0.000 0.002 0.008 
Control fresh : O.000 | O.006 O05 O.000 ) O00 O00 OL000 
"Stored 6 weeks at 45 F 

“Results obtained in the thiobarbituric acid test of the e} 


heese in the sorbic acid-treated wrapper 
and in the control cheese wrapper, expressed on the whole cheese basis 


residual sorbie acid. The presence of such unsaturated carbonyl compounds in the test 
systems obtained from cheese, in which all the migrated sorbie acid had disappeared, 
would have yielded a curve" with an absorption maximum in the region of 225 mu 
Neither of these 2 effeets occurred, demonstrating the absence of these unsaturated 


spectrophotomet rie 
test for the unsaturated carbonyl compounds is so great that the conversion to them of 
as little as Lomy. of sorbie acid per 100 g. of cheese can easily be detected. Data 
support of the above statements will be presented in a subsequent 


carbonyl compounds in the cheese samples. The sensitivity of the 


in 
report (174) dealing 


TABLE 3 
Stability of sorbic acid (S.A.) on the wax-coated cellophane wrapper 


Pouch combination Sorbie acid 


recovered 
from pouch 


Storage condition 
\ B | Total 
| 
um. S.A jym. SA gm. SA | gm. f1o00 
1000 aq. tn, | 1000 aq. un 1000 aq. in | | aq.in 
1.05 1. S43 Exposed to high veloeity air current | 8.20 


(fan) for 60 hours at 75°F, 
O81 6.73 12.5 Exposed to a mild draft of air for 2 


2 12.0 
j months at 75 to SO°F. 


| 
| 
| 


“The sorbic acid was uniformly applied to the waxed 
chanical means used in commercial operations 
acid treated surface resting on the other. 

‘The two sheets facing each other were analyzed as one unit since distribution of sorbie acid 
between sheets could be affected by separating the two sheets for individual analyses 


cellophane wrapper by the same me 
Sealed pouches were then formed with one sorbic 


"After correction for irrelevant absorption of the blank control cheese, 
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with a more pertinent subject, the possible conversion of sorbic acid to ethylidene ace 
tone by molds in cheese. 

The possibility of sorbie acid sublimation being responsible for sorbie aeid disap 
pearance from packaged cheese was also investigated in the present study. Sorbie acid 
sublimes to some degree, so that loss into the surrounding atmosphere might occur 
should the wrapper coated with this fatty acid be permeable. Sheets of wax coated 
cellophane, sprinkled with sorbie acid erystals, were combined in pairs to form sealed 
pouches, with one sorbie acid-treated surface resting on the other. The sheets, after 
exposure to circulating air, were analyzed (72) for sorbic acid content. The values 
listed in Table 3 indicate that sublimation of sorbie acid through the wrapper does not 
occur. The identities and properties ef the packaging materials, the wax and the cello 


phane, are discussed by others (27) 
DISCUSSION 


From the results presented in this report, the conclusion is) justified 


that atmospheric (non-enzymic) oxidation of sorbie acid is not a factor in 


the disappearance of sorbic acid that had migrated into the cheese. 

The possibility does exist that in other food products Cviz., pickles 
during curing) protected with sorbie acid against mold contamination, 
atmospheric oxidation of sorbic acid might occur, Based upon the results 
of the present study, such degradation of sorbie acid should be of no more 
concern than degradation of fat as a result of atmospheric oxidation. Ila 
vor is the controlling factor in determining whether or not an oxidized 
fat is edible; the same consideration should apply in determining whether 
or not a food containing oxidized sorbie acid is edible. In the rate and 
degree of oxidation and in character of degradation products resulting 
from atmospheric oxidation, sorbie acid is no different from the naturally 
occurring polyunsaturated fatty acids 

Of practical interest are the findings that sorbie acid as such in the 
regular commercial container or as a dust spray on the wrapping material 
supplied to the cheese industry in roll form, is highly resistant to both 
oxidative destruction and sublimation loss. 

The results obtained in the present study emphasize further the speei 
ficity of the spectrophotometrie method for the determination of sorbic 
acid: sorbic acid oxidation products do not interfere with the assay method 


SUMMARY 


Sorbie acid, a polyunsaturated ©, fatty acid, is oxidizable by air to 
form peroxides and aldehydic products of the same type as obtained from 
the polvunsaturated fatty acids in vegetable oils and in butter oil, Rate 
of sorbic acid oxidation is of the same order of magnitude noted for the 
polyunsaturated food fatty acids. However, in’ packaged cheese held at 
45°F. for a period of 6 weeks, oxidative deterioration of the added sorbic 
acid and of the naturally occurring polyunsaturated fatty acids does not 
oceur. 

Sorbie acid cannot sublime through the wrapper into the surrounding 
atmosphere. Thus, the factors of oxidation and sublimation of sorbie acid 
cannot be held responsible for the disappearance of sorbic acid from pack 
aged cheese, 

Sorbie acid as such in the regular commercial container or in the w rap 
ping materials furnished to the cheese industry is highly resistant. to 


oxidation 
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That sorbie acid under certain conditions may disappear from cheese 
following migration of the fungistatiec acid from wrapper into cheese has 
been reported (5). The failure to account for the sorbic acid that had 
migrated from the wrapper was shown to be due not to limitations of 
the analytical method (7), not to autoxidation of the sorbie acid (9), and 
not to sublimation of the sorbic acid through the wrapper into the sur- 
rounding atmosphere (4). 

In the study on sorbic acid migration from wrapper into cheese (4), 
sacrifice in the protective function of sorbie acid against mold contamina- 
tion of the cheese was required. In commercial operations where full pro- 
tection of the cheese is desired, all 6 faces of the block of cheese would be 
in contact with the wrapper containing sorbie acid. The sorbie acid could 
then migrate toward the center of the block from all 6 faces. Interpre 
tation of the sorbie acid values of consecutive cheese slices in terms of 
rapidity and degree of migration would be difficult, if not impossible. By 
having the cheese block wrapped on only one face with a sorbic aeid- 
treated wrapper, migration of the fungistatic acid from wrapper into 
cheese can proceed in only one direction, The unprotected faces of the 
wrapped cheese block are, however, susceptible to mold propagation. Fur- 
thermore, with sorbie acid on only one face of the cheese block, the con- 
centration of sorbic acid on the cheese surfaee decreases as a result of 
migration (8) to low values, very much below the 0.0567 level shown to 
be required for full protection of the cheese (14). The concentration of 
sorbic acid in the overall. cheese sample protected initially on only one 
surface by a wrapper containing 2.5 g. of sorbic acid per 1,000 sq. in. 
is very low, about 0.010 (9). Thus, the present experimental set-up 
provided in essence a study of the fate of sorbie acid in cheese rein- 
oculated with the molds (from the unprotected surfaces) as the sorbie acid 
concentration deereased to ineffective levels as a result of the one-way 
migration. Sueh a test system is desirable from a research standpoint 
since it provides at the same time the opportunity to study sorbie acid 
degradation by molds, if sueh could occur. For a true evaluation of the 
effectiveness of a sorbie acid-treated wrapper in protecting cheese against 
mold spoilage, the reader is referred to the Smith-Rollin’ report) which 
follows (14). 

Although sorbic acid is resistant to autoxidation (4), it is readily oxi 
dizable by enzyme systems to carbon dioxide and water. In the animal 


*This paper was presented in part at the Thirteenth Annual Meeting of the Institute 


of Food Teehnologists, Boston, Massachusetts, June 24, 1053. 
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organism, it is indistinguishable from caproie acid, the natural saturated 
C, fatty acid (2, 23, 24). It was, therefore, conceivable that the disap 


pearance of sorbie acid from packaged cheese might be due to enzymic 
oxidation following propagation of molds on the surfaces of the inade 
quately protected cheese blocks (5) 

Current theories of oxidative rancidity based upon the lability: pri 
marily of the polyunsaturated fatty acids to atmospheric oxidation cannot 
explain all facts associated with the problem of rancidity. Certain fats 
such as coconut oil or butter fat may become more readily raneid under 
certain Conditions than fats containing higher concentrations of polvunsat 
urated fatty acids. Tocopherols as natural antioxidants play an important 
role in protecting fats rich in polyunsaturated fats, since progressively 
higher concentrations of tocopherol are found in the oils as polvunsatura 
tion increases (6). It was not until 1921 that the role of microorganisms 
in promoting rancidity became apparent (77). The aetion of various mi 
croorganisms on fats imparted a ‘‘perfumed rancidity’’ to the produets 
and this raneidity was attributed to the development of ketones, not to 
aldehydes derived from peroxides (1/7). It was subsequently showa (7, 15, 
16) that the characteristic perfume odor developing in coconut and butter 
oil is due to the action of molds, mainly Penedia and Aspergil: in pro 
ducing methyl ketones. Saturated fatty acids, containing 4 to 14 earbon 
atoms, are particularly labile to molds with ketonic rancidity resulting 
(15, 20). These fatty acids are found in highest concentrations ino vege 
table oils of the eoconut oil type and in butter fat. It is well known to oil 
and fat technologists that these fats are particularly susceptible to mold 
attack when trace quantities of moisture are present, ere. 0.957, to vield 
free fatty acids of characteristic flavor, which in turn are degraded to 
fragrant compounds of the ketonie type. 

Many studies have been conducted on the meehanisms of mold degrada 
tion of fatty acids, Several reports pertinent to the present investigation 
are herewith reviewed. In studies* of ketone formation from saturated 
fatty acids containing 4 to 14 carbon atoms in an aqueous inorganic salt 
medium (20), pil was found to be critical; acidity (pl 3) was favorable, 
while at a slightly alkaline pH of 7.5, ketone formation was negligible 
Since £-hydroxy fatty acids (ineluding B-hydroxveaproic acid) also gave 
rise to ketones, it was postulated that @-hydroxy fatty acids are inter 
mediates in the formation of ketones from saturated fatty aeids (27) 
Subsequently, it was shown in a report from the same laboratory (19) 
that aZ-unsaturated fatty acids (ineluding 2-hexenoie acid, the monoun 
saturated Caprio acid) likewise rave rise to ketones. In contrast to that 
found with the saturated fatty acids, optimal pHl for ketone formation 
was at neutrality when the substrate was either the #@-hyvdroxy or the 
af-unsaturated fatty acids. On the basis of the results obtained, the hy 
pothesis was supported (1%) that fatty aeid oxidation of saturated fatty 
acids proceeds through beta-oxidation according to the Wieland seheme 
(22) involving dehydrogenation at the aB position, hydration, dehydrogen 


"Penicillium glaucum, a mold used in making blue cheese, was employed in’ the 
Thaler studies (19, 20, 21); the fatty acids were added as ammonium salts 
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ation, with a fatty acid containing 2 carbon atoms less than the original 
fatty acid, ketones, carbon dioxide, and water as ead products of a cycle. 
The residual fatty acid then goes through the same cycle. The ketones are 
also transitory products in the metabolic degradation of the fatty acids 
io molds. 


2H +HOH 
Rk -CH, CH, COOH oh -CH--CH—COOH ~ R--CHOH- -CH,—COOH 


t —2H 
| 
COOH +CH,COOH « R-—CO—CH.—COOH | 
4 | 
COn.+ HL0 - RCOCH,+CO. 
Of interest is the point made by these investigators (20) that the failure 
of others to obtain ketones from the fatty acids metabolized by molds is 
due to the inclusion of glucose ov glueogenic material in the medium. This 
same mechanism of beta oxidation through the Wieland scheme to yield 
carbon dioxide and water is operative in fatty acid oxidation by the intact 
mammalian organism; in the absence of carbohydrate in the metabolie 
pool, ketones are formed (2). 
in an independent study from another laboratory (5) using essentially 
the same medium and the same organism, it was found that caproie acid 
yielded propyl methyl ketone (CH. CHVCH.COCIL,) as one of the degra- 
dation products. The ketone was determined by precipitation with 2,4- 
dinitrophenyvibydrazine. This adds further support to the above scheme 
of fatty acid utilization by molds 
In a recent series of extensive and well-executed studies (70-12), Muk- 
herjee has added much to our understanding of the enzyme systems in 
molds responsible for the degradation of fats. Of the molds isolated frows 


samples of butter procured from a local market, Mukherjee identified and 
selected 4 strains for test purposes, Aspergillus niger, Penicillium glaucum, 
Aspergillus flavoryzea, and Aspergillus fumigatus. The first step in the 
degradation of fat by molds was found to be hydrolysis of the glycerides 
into free fatty acids by the mold lipase. This was then followed by rapid 
oxidation of the individual components by various oxidative enzymes, dehy- 


drogenases, lipoxidases, peroxidases, and oxidases, shown to be present in 
extracts of the mold suspensions. Pertinent to this report was the une- 
quivocal demonstration of dehydrogenase activity in the mold suspensions, 
and of special interest was the inciusion of caproic acid as one of the test 
systems to establish such enzymic activity (10). 

In the second and third papers of the series (/1, 12), Mukherjee was 
able to establish a definite reaction mechanism for the degradation of 
fatty acids by molds by actually detecting and isolating various inter- 
mediates postulated by Thaler and Eisenlehr (79) and mentioned earlier 
in this report. The test system employed by Mukherjee was butyrie (C,) 
acid (as the sodium salt), the next lower natural homologue of caproic 
(C,) acid, in an inorganie salt medium with the fatty acid as the sole 
source of carbon for the mold, Aspergillus niger. In confirmation of the 
earlier work (19, 20, 21), he was able to demonstrate that an acid pH of 
3.6 is most favorable for ketone formation from butyric acid and a pl of 
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6.5 is most favorable for ketone formation from £-hydroxsybutyrie acid 
and from erotenic acid (a@-unsaturateds butyric acid The produets of 
butyric acid oxidation in the presence of added molds were shown by an 
alvses of demonstrated reliability to inelude crotonie acid, B-hydroxybu 
tvric acid, and ketones (acetoacetic acid and acetone), The rates of ketone 
formation from butyvrie, B-hydroxybutyrie and erotonic acid at pil 6.5 
were all found to be of the same order of magnitude and all exhibited 
comparable and progressive increases in ketone formation with increasing 
concentration of substrate 

Cvanide was found (12) to be a selective inhibitor of the oxidation 


of butyrie acid to ketones by the aetion of molds. This inhibition was 
characterized by the total inhibition of crotonic acid oxidation, In other 
words, eyanide had no effect on the dehydrogenase system of the molds 


but inactivated the enzyme responsible for conversion of crotonic acid to 
S-hydroxybutyric acid. Using evanide inhibition as a means for inter 
rupting the chain of degradation of butyrie acid by molds, Mukherjee 
(12) was actually able to isolate crotonic acid from the test system as the 
dibromide with positive identification of the derivative as a f-dibromobu 
tyric acid. Further proof that crotonie acid is an intermediate in’ the 
oxidation of butyrie aeid by molds was obtained in the demonstration 
that increasing the amounts in the system of the subsequent intermediate, 
B-hydroxybutyre acid. inhibited erotonie acid formation from batyrie 
acid. An acenmalation of the end products of am enzyme renetion ts 
known to inhibit the enzvmie reaction (23) 

The Qualitative and quantitative studies by Mukherjee and the others 
serve to establish beta-oxidation of fatty acids through the Wieland seieme 
as the mechanism responsible for the degradation of a saturated fatty acid 
by molds, 

Based upon the above review, a study of the metabolie degradation of 


sorbie acid by molds would definitely appear to be justified 


EXPERIMENTAL 


That the factor responsible for the disappearance of the sorbie acid which had 
migrated into the cheese (S) is metabolic degradation of the sorbic acid by molds 
became apparent following visual observations of the cheese varieties before and after 
storage. Sorbie acid loss from the cheese is directly related to the mold population ; 
this is supported by the findings presented in Table 1. From Blue Cheese containing 
molds added in quantity during manufaeture, a complete disappearance of all the sorbie 
acid from the cheese was noted other than the negligible amount (4° of the initial 
retained on the wrapper (8). From the Natural Swiss and the Smoked Provolone 
Salami Cheeses, appreciable losses of sorbie acid were noted in analyses condueted on 
the products prior to storage. These products contained a few, seattered, small colonies 
of molds on the periphery of the face of the cheese block under the protective wrapper 
All samples other than the Natural American Cheese No. 7) exhibited sorbie acid 
losses after storage at 45°F. for a period of 6 weeks, One face of Cheese No. 7 was 
protected with about twice the quantity of sorbie acid on the wrapper used in packag 
ing Cheese No. 1 (also Natural American 

The observations recorded in Table 1 are not to be interpreted as indicating that 
sorbie acid is only slightly protective of the surface of cheese against mold propagation 
Smith and Rollin (74) have reported that sorbie acid in 0.054 to 0.066% coneentration 


in the outer ™% inch of cheese actually kills molds. Their products proteeted on all 6 


faces with a sorbie acid treated wrapper exhibited no mold growth after long storage 


However, when their cheese samples were reinoeulated, mold growth occurred. The 
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TABLE 1 


Correlation between the loss of sorbic acid (S.A.) from’ cheese and degree of 
mold contamination on surface adjacent to treated wrapper 


: | “ 
| Sample prior to storage Sample after 6 weeks at 45°F 


Cheese variety 
| Mold contamination Mold contamination 
Loss of Loss of 
S.A 


8. A A | Control 8. A 


Identity” Cc 
dentity ontrol cuantnd | treated 


Natural None None Very Slight 
American | heavy 

Natural None | None | Very Slight 
Brick heavy | 

Blue Very | Very Very | Very 
heavy * heavy © heavy* | heavy 
Natural Slight | Very 2 Very Fair to 
Swiss | slight heavy heavy 





Sliced None None Very Slight 


Processed | | heavy 





American 


| 
Smoked Slight | Very : Very Fuir to 
Provolone | | slight heavy heavy 


Salami 


Natural |} None None ; Very None 
American heavy 
“Cheese varieties No. 1-6 were wrapped in a conventional wrapper, but with one face treated 
to contain about 2.5 g. of sorbic acid per 1,000 sq. in. of wrapper. Cheese No. 7 was packaged the 
same way but with one face of the wrapper treated to contain about 5.0 g. of sorbie acid per 1,000 
aq. in, of wrapper 
© With molds deliberately added in the manufacture of the cheese 
4Iin addition to the molds deliberately added in making this chee 
nation with extraneous molds was notec 
*Indistiguishable from sample as received 


cheese samples in the present study were so wrapped that 5 faces of each block of 
cheese were unprotected by sorbic acid. Mold growth occurred on these faces and 
worked its way from the periphery onto the face of the cheese adjacent to the pro 
tective wrapper. In the meantime, sorbie acid migration from wrapper into the cheese 
had proceeded with a consequent dilution of sorbic acid on the surface (8). This 
system is equivalent to reinoculation with molds of packaged cheese following sorbie 
acid migration and in this sense duplicates the studies reported by Smith and Rollin 
(14). It is pertinent to point out that in our studies the concentrations of sorbie acid 
in the %4 inch outer layers of the cheeses adjacent to the protective wrappers are quite 
low. The concentrations of sorbie acid varied from 0.014 to 0.028 % (average 0.020%) 
in the case of products still exhibiting sorbie acid retention following storage after 
packaging (one face) in the wrapper containing 2.5 g. of sorbie acid per 1,000 sq. in. 
Only in the ease of the produet, Cheese No. 7, packaged with one face adjacent to a 
wrapper containing 5 g. of sorbie acid per 1,000 sq. in., was complete protection of 
the surface against molds attained. In this case, the 44 inch outer layer eontained 
0.052% sorbie acid following storage of the cheese. Smith and Rollin have found (14) 
that this concentration protected cheese very effectively against mold spoilage. Un 
doubtedly, Swiss Cheese with its large air pockets will require a higher coneentration 
of sorbic acid for adequate protection, viz., 0.100¢ in the cheese, a concentration attain 
able with the wrapper treated with 5 g. of sorbie acid per 1,000 sq. in. and completely 
enveloping the cheese, 

Further evidence that mold degradation is responsible for the disappearanee of 
sorbie acid from cheese was apparent from a review of the migration values obtained 
In Table 2 are presented for illustrative purposes the findings on the migration of 
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2 TABLE 2 
Migration of sorbic acid (S.A.) from treated wrapper into Natural Brick Cheese 
exhibiting fairly good retention of sorbic acid 


‘ . e Sample after 6 weeks at 
Sample prior to storage i5°R > 


ir Migretion 


A in Migratior S.A 
of S.A 


cheese ors.A cheese 


, ” on ot 
€ « ‘ € 


0.0486 10.3 OOLtSs 13.5 
0.0286 31.4 
0.0100 3 0.0054 6. 
0.0041 3.4 0.6032 
0.0028 2.3 0.0650 
None O00 0.0032 
None 0.0 0.0814 
None 0.0008 
None None 


O.0252 Zs 


asa sats 


oe ae 


of 


Recovery of S.A. “ ‘ 
85.7 From cheese .............. 64.1 
8.3 From wrapper ...... 0.0 
both ene 4.1 


From cheese 
from wrapper 
From both . 94.0 From 


fKach '% inch in thickness 
® Wrapper treated with sorbie acid, ‘ 


247 g. per 1,000 sq. in 
Wrapper treated with sorbie acid, 179 ¢ 


per L000 sq n 


sorbie acid from wrapper into a Natural Brick Cheese, one of the products exhibiting 
fairly good retention of the migrated sorbie acid after the storage period. It will be 
noted that, prior to storage, there was a progressive decrease in sorbic acid concentra 


tion in the cheese slices as they were further and further away from the sorbie acid 
However, after the storage period the 
in the seeond slice, 


These results were expected. 


treated wrapper. 
the first slice was now less than that 


sorbie acid concentration in 
with some surface mold growth apparent. 
In Table 3 are presented for illustrative 
of the migration of sorbie acid into Natural Swiss Cheese, one of the products 
In this cheese, prior to storage, there was already 


results obtained in a study 


purposes the 
exhibit 


ing poor retention of sorbie acid. 


TABLE 3 


Migration of sorbic acid (S.A.) from treated wrapper into Natural Swiss Cheese 
exhibiting poor retention of sorbic acid 


Sample after 6 weeks 


} 
at 45°F.* 


Sample prior to storage 
Migration S Ain | Migration 
of S.A st of S.A. 


t % To _ 
O.0234 Ls | eh None 0.0 
O.0980 é None 0.0 
OO4 None 0.0 
O.0074 j None 0.0 
O.0020 None 0.9 


None None Oo. 


Recovery of S.A 


From cheese 16.5 From cheese 
From wrapper . 9.7 From wrapper 
From both . 76.2 From both 


‘Each ™% inch in thickness 
1 Wrapper treated with sorbie acid, 2 zr. per 1,000 sq. in 
*Wrapper treated with sorine acid per 1,000 sq. in 





WA D, MELNICK, F. H. LUCKMANN, AND ©. M, GOODING 


an appreciable loss of sorbie acid. The concentration of serbic acid in the frst slice 


was less than that in the second slice, a situation noted with the Natural Brick Cheese 
after storage. The Natural Swiss Cheese exhibited some mold contamination prior to 
storage. After the holding period, there was fairly heavy mold contamination of this 
cheese and all the sorbie acid had disappeared. 

These results indicate that a high mold population in relation to sorbie acid con 
centration is responsible for the disappearance of sorbie acid from the surface of the 
cheese and eventually is responsible for a reverse migration of sorbie acid from the 
center outwards until all the sorbic acid has been utilized. Only when the ratio of 
population to sorbic acid concentration is relatively low, will sorbie acid be 


mold 
This indieates that sorbie acid cannot be employed as a fungi 


effectively retained, 
static agent to protect cheese made under insanitary conditions, i.e., grossly contami 
nated with molds. Cheese made under sanitary conditions and containing from 0.05 to 
0.1% of sorbie acid will be adequately protected against mold spoilage (17). 

susie investigations, patterned after those described by Mukherjee (//), and re 
molds metabolize sorbie acid. The 
formulae: 


viewed earlier, were carried out to determine how 
pertinence of Mukherjee’s studies to our own is apparent from the following 


CH,—CH,—CH.—COOH CH,—CH=CH—CooH 
butyrie acid crotonie acid 

CH,—CH,—CH.—CH,—CH,—COooHl CH,—CH —~CH—CH-CH—CooHl 

caproie acid sorbie acid 

It is well established that beta-oxidation of caproie will yield butyrie acid. It is 
to be expected that sorbie acid already containing af-unsaturation would be changed 
to ecrotonie acid via beta oxidation, 

Ketone formation from eaproie acid! and from sorbie acid! by the metabolic activ 
ity of molds was investigated. The same nutrient medium employed by Mukherjee (11) 
was used in the current study. This medium in one phase of the study furnished 
utilizable carbon to the molds only in the form of the fatty acids tested. In another 
phase of the eurrent study, carbohydrates — glucose or lactose—— were also added to 
determine their influence on ketone formation. Deuel has demonstrated (2) that ketone 
accumulation in the intact mammalian organism is prevented when the test animal is 
given glucose along with either eaproie or sorbie acid. In every respect caproic and 
sorbic acid were similar in metabolic utilization; the same was noted with butyrie acid 
and crotonic acid (2). Mukherjee has shown (//, 12) that butyrie acid and erotonie 
acid are metabolized by molds through a eommon mechanism. Both investigators, as 
well as others, have coneluded the af-unsaturated fatty acid is an intermediate in the 
metabolic oxidation of saturated fatty acid by the animal organism (2, 23,24) and molds 
(11, 12, 19). If ketone formation were reduced or not evident in the test medium con 
taining both fatty acid and carbohydrate, it could be interpreted that fatty aeid 
degradation by the molds to carbon dioxide and water has occurred. Thaler and Geist 
have noted (20) that the presence of glucose in the test medium prevents ketone forma 
tion and have cited this fact to explain the failure by others to observe ketone develop 
ment from fatty acids by the action of molds. In the absence of methods applicable 
to the determination of residual fatty acids in the nutrient medium, Thaler and Geist 
(20) attributed the absence of ketones to the preferential utilization of sugar carbon 
by the molds. In the present study, use was made of the highly sensitive and specific 
method for sorbie acid (7) to determine whether or not molds reject the fatty acid as a 
source of carbon in a system containing both fatty acid and carbohydrate. If sorbic 
acid were to disappear, but without ketone accumulation, in the presence of earbohy 
drate as rapidly and as completely as in the absence of carbohydrate, one would have 
to conclude that the mold, like the mammalian organism, ‘‘burns fat in the flame of 
earbohydrate.’’ Carbon dioxide and water could then be the only end products of the 
metabolic degradation. 


"Added as the sodium salts to the medium. The caproic acid was obtained from the 
Matheson Co., East Rutherford, N. J.; this same material of demonstrated purity was 
used by Dr. Hl. J. Deuel in his metabolie studies (2). 
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Seventy five ml. portions of the pH- adjusted medium (7/7) were autoclaved in 250 ml. 


Erlenmeyer tlasks. To the medium were added 3.0 ml. of a solution of sodium eaproate 
or sodium sorbate (each 3.0-ml. supplement furnished 75 mg. of the salt caleulated to a 
free acid basis). The contents of the tlasks were liberally sown with 1.0 ml. of a uniform 
suspension of spores of fungi (7 days old) gently seraped off wort agar slants that had 
previously been washed once with one half volume of cold water. In one series, the 
mold inoculum was a mixture of molds isolated from the contaminated cheese products 
see Table 1); in the other series, the inoculnin was a suspension of Penicillium roquefortu 
37°C. and the inoe 


isolated from the test Blue Cheese, The mixed molds were grown at 


uluted flasks were incubated also at this temperature. The slants and tlasks containing 


Penicillium roquefortiy were all ineubated at 30°C. To some flasks, 1.50 g. of glucose 
or lactose were added." Experiments were earried out with one set of flasks at pl? 5.5 


and another set at pH 6.5 the pli range of cheese). Control flasks, containing all the 
components other than the mold inoculum or the inoeulated basal medium without the 
fatty acid supplement, were included in this study. Periodically, aliquots were taken 
from each flask with aseptic precautions and analyzed for ketones and for sorbie aeid, 
for the latter in only the pertinent systems. A> spectrophotometric adaptation of the 
salieylaldehyde colorimetrie method (70) was used for the determination of ketones. In 
every case when ketones were found, the test solution exhibited a visually detectable 
pink color, with an absorption curve characteristic of that obtained in tests with pure 
acetone.” Both keto acids and ketones are measured hy this method; the values are 
expressed as micrograms of acetone per 50 mg. of fatty acid, as was done by others 


fad, 2S; ZU, 21). 


In Figures | and 2 are plotted the results of the present study. In the presence of 
either the mixed molds or Penicillium roqucfortu caproie acid and sorbie acid were 
converted to ketones. In both cases there developed a peak in ketone formation with 
a falling off in ketone coneentration as the ketones were further metabolized (to earbon 
dioxide and water). The same results were obtained by Mukherjee (17) in his studies 
of ketone formation from butyrie and erotonie acid. In further confirmation of Muk 
herjee’s findings (/1), ketone development was greater at the more acid pH for the 
saturated fatty acid, and greater at the more neutral pil for unsaturated fatty acid 
In both studies the peak of ketone formation appeared sooner in the systems containing 
the saturated fatty acids. Since mold growth was inhibited by the unsaturated fatty 
acids, ketone development was of necessity inhibited. Ketone formation was associated 
with sorbic acid degradation.” Sinee the ketones are transitory products in the metabo 
lism of sorbie aeid by molds, the concentrations measured were the resultants of two 
reactions development and further metabolism. Eventually the rate of the metabolism 
of the ketones exceeded rate of development. In the presence of added carbohydrate, 
glucose or lactose, metabolic degradation of the fatty acids (illustrated by sorbie acid 
which could be determined) proceeded at a more rapid rate but without an accumulation 
of ketones. These findings demonstrate that the failure to detect ketones was not due 
to the preferential use of carbohydrate as a source of carbon (27) buat to a more rapid 
and complete metabolism of the fatty acids to earbon dioxide and water as the end 
products. This is exactly the same situation in the metabolism of fatty acids by the 
mammalian organism (7), 

In a preceding report (%) dealing with the susceptibility of sorbic acid to atmos 
pherie (non-enzymie) oxidation, evidence was presented to show that unsaturated ear 


bony! compounds of the formula —CH CH—C —-O were not formed. Inasmuch as one 
investigator found (5) that caproie acid in the presence of the mold, Penicillium glauceum, 
yields propylmethyl ketone, it was of interest to determine whether any of the test 


"Each added as a sterile 30° solution to a somewhat more eoncentrated basal 
medium to maintain constant the composition and volume of the test system 

"Only in analyzing the systems containing added carbohydrate was it necessary to 
use distillates as the test selution (7.2), 

"All spectrophotometric absorption curves for the residual sorbie acid in the test 
systems were identical with that for pure sorbic acid. In those systems in which sorbic 
acid was completely destroyed, no absorption maximum at 256 mu was detected; absorp 


tion was exceedingly small and constant throughout the range of 235 ma to 270 mu 
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INOCULUM OF MIXED MOLDS 
Ketones/50 mg. fatty acid Sorbic Acid 
micrograms per cent 
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Figure 1. Ketone formation from caproic and sorbic acids following inoculation 
with a culture of mixed molds and the influence of added carbohydrate in preventing 
ketone accumulation. 


systems in the current study contained ethylidene acetone. The relationship between 
these possible products of mold degradation of caproic and sorbie acid is apparent from 
the formulae below: 
CHs—CH.—CH,—CH,.—CH,.—COOH CH;—CH=-CH—CH- -CH—COOH 
caproie acid sorbie acid 
CHs—CH.—CH,—CO—CHs CH,—CH ~~ CH—CO—CH, 
propyl methyl ketone ethylidene acetone 


Ethylidene acctone’ was found to react to almost the same degree (based upon equiva 
lent weights) as acetone in the test (/3) for ketenes. If all the ketone at the period of 
maximal formation in the systems free of carbohydrate were ethylidene acetone (a 
highly unlikely posibility), there would be a maximal conversion of less than 0.5% of 

’Synthesis and purity of the reference ethylidene acetone was described in the 
preceding paper (9); the ultraviolet absorption curve of the unsaturated ketone was 
also presented in that report. 
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the sorbie acid to this ketone. This, however, is an academe point since in the presence 
of carbohydrate, including lactose, no accumulation o. ‘etones occurred; in cheese, there 
would also be a high ratio of lactose to the sorbie acid that had migrated from the 
wrapper. 

In Table 4 are presented the results of ketone analyses conducted on the same 
cheese samples listed in Table 1 and employed in the preceeding study (9) on the 
possible development of aldehydes from sorbie acid. The method of preparing the 


INOCULUM OF PENICILLIUM ROQUEFORTII 
Ketones/50mg. fatty acid Sorbic Acid 
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500? E 0.10 





7 


— IN , | | pH6S 





—- 0.08 


0.06 














Ketones from \ 
}1—Caproic acid) \ | 
| 2---Sorbic " \| 
%. 7 . 
___| \ /Sorbic acid retention X 


Ceo , | 
| eae N ad | 


0 5 10 15 O 5 10 15 
Days at 30°C. 











Figure 2. Ketone formation from caproic and sorbic acids following inoculation 
with a culture of Penicillium roquefortii and the influence of added carbohydrate in 
preventing ketone accumulation. 


samples for the ketone tests was the sume as that followed in testing for aldehydes (9). 
As in the case of the aldehydes, the ketones in the cheese are native to the cheese® and 
were not derived from sorbie acid. The ketone values of the cheese products were 
variable from cheese to cheese, from the fresh to the stored control samples, and from 
the control sample to the stored sample in the sorbie acid-treated wrapper. Furthermore, 
there was no correlation whatsoever between the ketone value and sorbie acid loss in 


“Undoubtedly these aldehydes and ketones, developed in the curing of the cheese, 


contribute to the characteristic flavor of the cheese. 
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the cLeese products. The loss of sorbie acid was directly related to the mold population, 
as previously pointed out (see Table 1). 

Speetrophotometric absorption curves from 235 mp to 270 mye were obtained on the 
distillates from all the cheese products in testing for sorbie acid retention. None of the 
curves, after correcting for the irrelevant absorption of the controls, exhibited extra 
neous absorption in the lower wave length region (235 mu), demonstrating the absence 
of unsaturated carbonyl compounds, such as ethylidene acetone (CH,CH=-CHCOCH 
attributable to sorbie acid degradation in the cheese. For illustrative purposes, the 
spectrophotometrie data, obtained in testing a cheese exhibiting partial loss of sorbic 
acid and one showing complete loss of the fatty acid, are presented in Table 5.) The 
sensitivity of the spectrophotometrie test for the unsaturated ketone is so great that the 
conversion to it of as little as 1.0 my. of sorbie acid per 100 g. of cheese can easily be 


detected, 
TABLE 4 
Lack of correlation between loss of sorbic acid and ketone concentration in cheese 


| 


Sorbie acid recovery 

from cheese 
Theoretical, magy./ 100 q. 
Found, mg./ 100 q. 


Sorbie aeid loss, 


mag./ 100 
Ketones,” ma./1l00 q 


oos 


0.138 


Control stored’ 
Control fresh 


Stored 6 weeks at 45 F 
"Calculated as acetone 


DISCUSSION 
The evidence presented in this report demonstrates that sorbic acid: is 
related to caproic acid in furnishing carbon for mold growth as crotonic 
acid is related to butyric acid (17, 72). The af-unsaturated fatty acids 
are intermediates in the normal degradation of fatty acids by molds and 


by the mammalian organism. In the absence of metabolizable carbohy- 
drate, the end-products of the metabolic degradation of the fatty acids are 
acetoacetic acid, acetone, carbon dioxide, and water. In the presence of 
metabolizible carbohydrate, the end-produets are only carbon dioxide and 


water. 

In Figure 8 is pictured the mechanism of beta oxidation of fatty acids, 
involving Wieland’s dehydrogenation-hyvdration-dehyvdrogenation scheme 
and showing the similarity in metabolic degradation of caproie (the natu 
rally occurring saturated fatty acid) and sorbie acid. Actually, this is a 
simplified picture. All the steps are reversible. The acids do not exist in the 
free form but as the corresponding esters of coenzyme A. The accumula 
tion of acetoacetic acid, in the absence of metabolizable carbohydrate, may 
also occur from recondensation of 2-carbon fragments in the form of acetyl 
coenzyme A, In the presence of metabolizable carbohydrate, the 2-carbon 
fragments enter into Krebs citrie acid evele and eventually are metabolized 
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TABLE 5 


Absorption curves on cheese products exhibiting losses of sorbic acid 
during storage at 45 F. for 6 weeks ‘ 


Absorbency of distillate 


Wave 


Control . 
length sanises S.A 


o 
Stored treated 


Wi i) F 
5 O55 0.255 O.462 0.467 O.204 O.465 


255 
OL.585 0.259 Ojo 


oo 


235 
Natural 240 22 0.217 0.476 
American 245 O.192 a7 ode O.779 0.358 O.770 
(22% 250 0.183 558 

0.167 Oo 427 O.064 0.433 OSH 
O50 3 1.000 O.430 1.000 


0.150 Ho O.410 O06 0.403 O.OIS 


OS47 O3s82 O.STO 


loss* of 
S.A.) 


0.150 ADA O.S44 0.777 O29 0.749 
h ‘ c b) Ratio: | 260 ma value 
0.126 F 
O12] 3 -_ 
slue 2 ' O15 7 e | ae 


Opa 
Negative 2 1.08 
1.03 


1O0c% 

loss* of yO O76 
‘ ees values 

~ 4, ") yee 
S.A. : " s Loo 
mie] } 

Loo 
Ouy 


O04 


t Analyses of the che » slices) 
in depth 

“distillate from ’g. chet le up to sO ” esting rr the presence 
of sorbic acid 7 

YAta pH 4.8 


WW Stored sam 


entration 


x Loss expresses id that had migratec 


to carbon dioxide and water. For a detailed review of the reaction mechan 
isms involved, the reader is referred to Sumner and Somers (75). 


Based upon the studies conducted by Mukherjee (72), it is possible to 


present an acceptable hypothesis for the mechanism by which sorbic acid 
Mukherjee found that evanide was a selective inhib- 


inhibits mold growth. 
itor of the oxidation of butyric acid to ketones by the action of molds. The 
dehydrogenases responsible for converting butyric to crotonie acid were 
not affected, but the enzyme system responsible for converting crotonic to 
B-hydroxybutyrie acid was totally inactivated. Mukherjee presented data 
to show that ‘‘in the presence of cyanide the development of unsaturation 
in the products of oxidation of butyric acid goes on inereasing with time pro 
gressively, but once it attains a certain maximum, the concentration does 
not change appreciably because new formation of this substance due to the 
dehydrogenation reaction has been totally inhibited by the accumulation 
of this substance in the medium’? (72). In other words, an accumulation 
of af-unsaturated fatty acids in a test medium can inhibit the dehydro 
genase system in molds. This is precisely what is done when an a@-unsatu 
rated fatty acid, such as sorbic acid, is applied to a cheese wrapper to be 
used in packaging cheese made under sanitary conditions. There is added 
on the surface of the cheese an excess of the end-product of the dehydro 
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Mechanism Sorbie acid 


CH.—COoH Fatty acid } ; CH—CH—CH—cCooHn 


Dehydrogenation 
CH -COOTl af unsaturation 
+ HOH Hydration i + HOW 
CHOH—CH.--COOH 8 hydroxy acid CHOH—CH 
YH Dehydrogenation 2h 
O—CH.COOT Keto acid 
Oxidation 
COOH +00 441.0 Fatty acid 4+ end products 


2H Dehydrogenation 
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CH-COOT 3 unsaturation COOH +CO 


f HOH Hydration + HO 
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\ | 
CHOH— CH. Cool 8 hydroxy acid »—CHOH—CH.—COOH 


an | Dehydrogenation —2II 


. * 
ci COOT Keto acid CO—CH COOT! 


Oxidation in presence of met 
abolizable carbohydrate 


. 


4 
O.+ HO 


CO. 4110 End products 

Figure 3. Normal metabolic degradation of fatty acids by molds and by the animal 
organism. 
genase reaction so that the dehydrogenase enzymes in the molds cannot 
function. The dehydrogenase enzyines are so basic in cell metabolism that 
mold propagation is inhibited aud survival affected (17, 25). In the pres 
ence of a minimal mold population, characteristic of certain cheeses made 
under sanitary conditions, the sorbie acid remains as such in the product 
ln the presence of a high mold population, the concentration of all the 
enzvine systems is Increased with the result that sorbic acid is metabolized 
with no inhibition of the dehydrogenase systems oecurring. Under such 
circumstances mold growth is not effectively impaired, 

It is apparent from the above hypothesis that mold inhibition is a 
function of dosage. A wrapper containing 2.0 g. of sorbic acid per 1,000 
sq. in. furnishes 100 me. of sorbie acid in the conventional packaging of 
the one-half pound unit of cheese (74). This is an overwhelming dose 
applied to the surface of the cheese in relation to the few scattered mold 
colonies present. In terms of animal feedings, it is impossible to administer 
sufficient sorbie acid to inhibit the dehydrogenase enzyme systems in the 
body, Considering that the dehydrogenase enzymes are found in all living 
cells, it is not surprising that sorbie acid and eaproie acid are similarly 


metabolized (2, 29, 2f) even when massive doses are administered (2) 
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“ORBLE 


SUMMARY 


The disappearance of sorbic acid from cheese packaged on one face in 
a sorbic acid-treated wrapper has been shown to be due to metabolic oxi 
dation of the sorbie acid by molds. Under the conditions of test, involving 
the concentration of on the surface 
and reimeculation with molds from 


progressive reduction in sorbic acid 


as the acid migrates into the cheese 
the cheese surfaces adjacent to the treated wrapper, the losses of sorbie 
acid may be total. Cheese packaged in a wrapper with all surfaces treated 


with sorbie acid in the amount of 2.5 to 5.0 g. per 1,000 sq. in. is adequately 
protected. Sueh wrappers will furnish not more than 0.14, sorbic aeid 
In cheese with a high ratio of mold to sorbie acid eohneenh 
tration, oxidation of the sorbic acid is catals zed to a marked degree but 
through the same the organism, beta 
oxidation to the next lower fatty acid homologue of even-number carbon 


atoms and finally to carbon dioxide and water. af-unsaturated fatty acids, 


to the cheese. 


mechanisms operating in animal 


such as soerbie acid, are normal transitory metabolites in the oxidation ot 
saturated fatty acids by molds, and because of this, a ‘high’? initial cou 
centration is capable of inhibiting the dehwdrogenase enzyme system in 
molds. Inhibition of this important enzyme system is held responsible for 
sorbic acid exhibiting fungistatic and under certain conditions even fungi 
cidal activity. 
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The production and distribution of cheese is beset by a dilemma of 
antagonistic requirements. Most cheeses must be stored in a very humid 
place or enclosed in moisture-proof materials to preserve flavor and tex 
ture. These required conditions usually are ideal for mold growth. 

For the purpose of controlling mold growth in packaged cheese, a large 
number of fungistatic agents were screened by evaluating their effective- 
ness in protecting natural cheeses following Inelusion of the respective 
Sorbie acid was found to be the most 


agents in moisture-proof wrappers 
promising of all those tested since it was found to meet both technical and 


practical requirements (9). 

Giooding (3) has shown that the general class of a@-unsaturated fatty 
acids are effective fungistatie agents. For example, ino margarine made 
with cultured milk, it was found that sorbic acid was more effective than 
sodium benzoate even when the former was used in one-third the concen 
tration in preventing mold spoilage. Wolf (11) has shown that sorbic acid 
is effective against 16 species of the molds common to meats, and most of 


the same molds are encountered in cheese spoilage. 


EXPERIMENTAL 


Materials. Sorbic acid used in these tests was commercially produced” and was 
better than 99% pure on a moisture free basis. Analytical constants obtained on the 
samples of sorbie acid used in this and in the associated studies (J, 2, 4, 5, 6, 7) are 
presented in Table 1. 


TABLE 1 
Analytical constants on commercially available sorbic acid 


Test Found* 


112-113 
132-135°C. (Corr. ) 
254-258 mye 

2,200 + 3% 


Less than 10 p.p.m. 


Equivalent weight.. 

Melting point... 

Absorption maximum in water 
Ein. 256 mu.. 

Heavy metals.. 


© Moisture-free basis 


The wrappers used were 300 gauge moisture proof cellophane treated on one surface 


with approximately 45 pounds per 3,000 square foot ream with the usual thermoplastic 
coating." 
The cheeses used were selected to be representative of their particular types as 


they are usually marketed. 


*The results in this paper were presented in part at the Thirteenth Annual Meeting 
of the Institute of Food Technologists, Boston, Massachusetts, June 24, 1953 
"Carbide & Corbon Chemicals Company, New Y rk City. 
“Wrappers made by Milprint, Inc., Milwaukee, Wisconsin 


‘; 
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Procedures, mold inhibition tests. Screening tests of fungistatic agents for cheese 
wrappers were made by adding 0.1 g. of the agent to a 54% % 9%, inch thermoplastic 
coated cellophane wrapper and then enclosing % pound sliced process or Natural 
American cheese in the treated wrappers. The wrapped samples, along with controls 
which were similarly wrapped, but without fungistatie agents, were stored at 70-75°F., 
5-50°R., and 37-40°F, (21.1-23.9°C., 7.8-10°C., and 2.7-4.4°C.). Beeause of difficulty in 
obtaining reproducible inoculation from molds in the air, each piece of cheese was 
lightly sprayed with a water dispersion of a random cheese mold inoculum before 
wrapping. Since the extent of wrapper contact and amount of contained air greatly 
affects the keeping quality of packaged cheese, these laboratory samples were wrapped 
in a manner similar to good commercial practice. In general, the larger flat sides and 
2 shallow sides had no air pockets over “4 inch diameter, but the closure areas had 
only 60 to 80% of the area of the wrapper in contact with the cheese on the 34% * 1% 
inch ends where the wrapper was folded and sealed. 

When the sereening tests indicated promise in a fungistatic agent, direet addition 
and variable concentration tests were run. In direct addition, a weighed amount of 
the agent was mixed into melted process cheese. The cheese was cooled and sliced into 
\% inch layers which were placed in culture plates. The slices of cheese with additive 
were inoculated by water spray as above and the plates closed and stored at 45°F. 

In order to determine the amount of sorbie acid needed on a cheese wrapper to 
give effective mold control, 40 square inch wrappers of thermoplastic coated cellophane 
were weighed, then uniformly dusted with a weighed amount of sorbie acid, and re 
weighed to check the amount of sorbie acid by weight gain. Slices of process American 
Cheese, Natural American, or Swiss were lightly spray-inoculated and then enclosed in 
the wrappers containing various amounts of sorbie acid. The wrapped cheese samples 
were stored at 45°F. and observed periodically through the transparent wrappers. The 
stored samples were removed from the refrigerator for one hour each day for the 
examination, The one-hour exposure to room temperature was used to accelerate the 
test and to simulate variations encountered in the distribution of cheese products, 

When these laboratory tests were completed, it was necessary to evaluate sorbic acid 
hearing wrappers when used under commercial conditions. For this purpose, sliced 
cheese was packaged in wrappers with 2.5 g. per 1,000 sq. in. of sorbie acid on com 
mereial wrapping equipment® using a vacuum application to bring the wrapper into 
contact with the cheese. Another commercial test included hand wrapping each working 
day 4 packages of sliced process cheese in wrappers bearing 2.5 g. of sorbie acid per 
1,000 sq. in. The first series ran for 2 weeks (10 days) and the seeond every working 
day (21 days) for one month. These packages were pressed to remove exeess air and 
to obtain wrapper cheese contact In the first test, the packages were sealed with 
consecutively folded end seals so that there were channels where the non sealing cello 
phane side of the wrapper doubled back onto itself. In the second series of packages, 
overlapping end folds which gave a full cellophane to coating sealing area were used. 

Determination of minimum taste and odor perception. Some of the samples in which 
sorbie acid was blended into melted process American cheese were used for taste and 
odor tests. The ‘4 inch slices of each blend were coded with randomly assigned letters 
and the samples given to a panel of 4 critical judges. Their comments upon testing each 
‘blend’? sample were recorded, Odor observations were made on the same materials by 
recording the comments of the panel after smelling the coded samples from the same 
Series, 

On cut natural cheese, it is not practical to mix the sorbie acid into the cheese, so 
wrappers containing varying amounts of the sorbie acid were applied to the cheese 
surfaces. Mild American, Sharp American, Swiss, Italian Provalone type, Brick, and 
Blue Cheese samples were obtained from loeal distributors. The cheeses were eut into 
approximately 1 * 3 ® % blocks. The bloeks were wrapped in plain thermoplastic 
coated cellophane and then overdipped with a tough wax. Then, the bloeks were split 
in two to give approximately ‘4 inch flat slices. To each side of the cut surfaces, wrap 
pers with varying amounts of sorbie acid were applied. The 2 pieees were pressed back 
together so good wrapper to cheese contact was obtained. After the samples were stored 


"Campbell wrapping machine made by Hudson Sharp Machine Company, Green Bay, 


Wisconsin. 
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from 7 to 10 days at 15° F., the packages were op ned and a 'y-inech slice of the cheese, 


which was next to the sample wrapper, was removed and placed 
1, inch slices were then tested, critically and inde 
The minimum 


n code lettered pouches 


of plain coated cellophane These 
pendently, by a panel of 10 judges experienced in flavor scoring cheese. 
oncentration at which there appeared to be some correlation between sorbie acid 


concentration and taste was taken as the minimum concentration for taste perception 
To measure effeet of added sorbie acid on pH of cheese, a 33°¢ dispersion of mild 
process cheese in distilled water was made. The pli of this dispersion was measured on 


a pH meter. Then 0.1% of sorbie acid (on the cheese basis) was added, stirred thor 


oughly and the pH value read again 


RESULTS 


Mold inhibition tests. In the preliminary screening test, the cheese in the eontrol 
and sorbic acid-treated wrappers did not mold at 70 to 75 FL; both sets of samples 
Oiling off and filling up of air pockets prevented mold propagation, 
but at a saerifice in cheese quality. At 45 to 50°R., the controls molded in 14 days 
and the sorbie acid treated samples were still free of mold after 126 dass. In the 
37 to 40°F., the controls molded in from 28 to 39 days, and the sorbie 


were too warm, 


samples stored at 
acid treated samples were clean after 124 days. 

Subsequent sereening tests with Natural American and Swiss Cheese samples showed 
that 1.25 g. of sorbie acid per 1,000 sq. in. did not give the desired protection in either 
amount gave 100° protection of the Natural American Cheese in the 
On blind Swiss Cheese, where the wrapper contacted all surfaces, 
’ cheese results were variable because 


case. The 2.5-g. 
pound packages, 
complete protection was obtained, but on ‘topen’ 


of mold growth in the ‘‘eves’’ of the Swiss Cheese 


Similar screening tests had shown little value in commonly 
diacetate, and sodium or calcium propionates when applied 


used food preservatives 


such as benzoie acid, sodium 
to the wrappers in the same manner, Sorbic acid in every application tested was equal 


and in some superior to dehydroacetic acid in inhibiting mold propagation. It ean be 


stated that in those applications where dehydroacetic acid has proved effective sorbie 
acid should also be effective. 

In the direet addition of sorbie acid to process American Cheese, the results shown 
Table 2 were obtained. Thus, 0.010 sorbie acid retarded mold and 0.05% inhibited 


it completely in process cheese. 


TABLE 2 
Inhibition by sorbic acid of molds in process American Cheese * 


Observation after 17 days’ storage at 45°1 
Sorbie acid 
Sample 1 Sample 2 Sample 3 Sample 4 

percent 
Control (no sorbie acid 
O.005 
OO] 
OO5 
o.10 


fThe samples were stored at 45°F. and removed for approximately one hour each day for 
examination; + indicates mold apparent indicates no mold, O indicates sample lost 


The findings obtained in testing packages of sliced process cheese in wrappers con 
summarized in Table 3. The results of 


taining varying amounts of sorbie acid are 
these wrapping tests were variable to some degree because the amount of air space 
between wrapper and cheese is difficult to control in hand-wrapped samples. A large 


number of samples is required to draw valid conclusions, Actually, 4 experiments, 
earried out; the results indicated some quantitative 


paralleling the one deseribed, were 
but no contradictions of the results 


Variations in percentages of samples becoming moldy, 
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TABLE 3 
Concentration of sorbic acid required on wrapper * 


2 Observations after 16 days® 
Sorbie acid concentration No. of pecrvations after 16 day 
cheese No. of samples 
Initially on In outer % inch samples 
wrap) of cheese Moldy Not moldy 


Per cent 
moldy 


J/1,000 aq.in per cent 
0.000 0.000 1S 15 
0.625 0.014 24 17 
1.25 0.028 24 4 20 
2.50 0.0506 24 0 u4 
5.00 O.112 24 0 24 
*Three hundred gauge moisture proof thermoplastic coated cellophane, the coated surface dusted 


with sorbic acid erystals and resting on the sliced process cheese 
*The samples were stored at 45°F.) and removed for approximately one hour each day for 


examination 


recorded here. Mold growth was retarded by wrappers carrying 1.25 g. per 1,000 sq. in., 
while 2.5 yg. and 5 yg. gave complete mold inhibition. The respective concentrations of 
sorbie acid in the outer inch layer of cheese, assuming complete migration of the 
sorbie acid from wrapper into cheese (5), were ecauleulated to be (.028 and O.0560e, 

In tests on commerciaiiy wrapped packages of sliced process cheese, mechaniealls 
wrapped with a vacuum drawn to reduee air content in the package, 17 out of 45 


untreated controls (35°) melded, and only 2 out of 204 in sorbie acid treated wrap 


pers (1%) became mei4y after &§ months’ storage at 32 to 34°F. At 50 to 55°F. stor 


age, 4 out of 144 sortie acid-treated samples molded (2.80) in contrast to S out of 
24 controls (33%) in 7! dass. The 1 to 3% failures in the sorbie acid-treated samples 
were attributed to mechanical defects in the wrapper resulting from repeated handling 
in the periodic examinations, A> similar number of ‘‘leakers’’ was apparent in the 
controls. 

In other commercial tests, 4 packages were wrapped each day by different oper 
ators. In the first series, about 50% of the controls and 30% of the sorbie acid treated 
samples became moldy. In nearly all cases where mold showed on the samples in the 
sorbic acid treated wrappers, there were air channels through the seals connecting to 
the moldy area. In a repeat series of tests, the method of folding and sealing was 
changed so that opposing longest sides of the wrappers were superimposed and sealed, 
giving at least one thermoplastic coated surface to seal each juneture. This left 2 
flaps of wrapper at each end of the package which had to be folded flat after sealing. 
On the second set of samples prepared on 21 different days, 600 of the controls became 
moldy, while only one (1%) of the samples in the sorbic acid-treated wrappers became 
moldy after 2 months’ storage at 45°F., and in this sample, mechanical failure of the 
package was responsible. 

To test residual mold inhibiting action, stored samples of sliced proeess cheese 
previously inoculated and then packaged in sorbie acid treated wrappers were em 
ployed. The wrappers contained initially 2.5 g. of sorbie acid per 1,000 sq. in. These 
cheese samples had not beeome moldy after 252 days at 32.34°F., whereas 35% of the 
controls were grossly contaminated with molds. The test cheese samples were then 
opened at one edge and the wrapper spaced away from the surface by inserting ecard 
board strips. The cheese surface was reinoculated with the same random culture of 
molds, the package resealed and stored at 70°F. Mold growth was apparent in 5 days 
and sporulation in 10 days. The same cheese in the sorbie acid-treated wrappers but 
not reinoculated remained clean during the storage at 70°F. Apparently sorbie acid 
migration into the body of the cheese (5) had reduced the quantity on the surface to 
below an effective fungistatie concentration, The molds in the first inoculum of the 
cheese surface were obviously destroyed by the high initial eoneentration of sorbie 
acid. The results of this study demonstrate that surface fungicidal activity ean be 
obtained with a small amount of sorbie acid even though its effectiveness as an anti 
mycotie is reduced when it is distributed throughout the cheese. 

Taste and odor perception. The taste tests of sorbie acid added direetly to process 


oor 


American cheese indicated some perception at the 0.2% level and detinite pereeption 
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by some observers at the 0.9% sorbic acid. Odor observations reflected the same min 
imum perception limits in the cheese as for taste. 

The pH of the cheese dispersion was 6.20. Addition of 0.1°0¢ sorbie acid changed 
the pH to 6.15-6.10. There was no apparent drift in the pil following a 5 minute 
waiting period. 

Taste tests of natural cheese in contact with wrappers bearing sorbie acid indi 
cated that there was no significant perception of sorbie acid, even by surface seraping 
or by eating the outer '4-ineh sliees of natural cheese which were next to wrappers 
carrying for the most part 5 g. of sorbie acid per 1,000 sq. in. The results of these tests 
are summarized in Table 4. 


TABLE 4 
Minimum taste perception in natural cheese from sorbic acid-treated packages ' 


Mild Sharp 


American American Swiss Brick Provolone Blue 


g. of sorbie acid per 1,000 sq. in. of wrapper 


Perception at the 5g. level was not statistically significant. Not one judge was able 
to detect consistently a difference between eontrol cheese and that adjacent to a sorbie 
acid treated wrapper, even at the high level of 5 g. of sorbie acid per 1000 sq. in. of 


¢ 


wrapper. Without higher amounts for comparison, it was impossible to determine 
whether flavor changes indicated for some samples were due to sorbie aeid or the 
normal variations in the surface flavor of the cheese. It was difficult to hold more than 
og. per 1000 sq. in, on the wrappers, and it was noted that not all of this amount had 
transferred to the cheese 

It was apparent in examining all the test cheese samples used in the present study 
that sorbic acid did not react with the cheese to produce any color or flavor changes 


or affect in any way emulsion stability. 


DISCUSSION 


The results of studies presented in this report have shown that the 


thermoplastic-coated cellophane wrappers dusted with 2.5 to 5 g. of sorbie 


acid per 1,000 sq. in. of wrapper will inhibit mold growth when applied 
to cheese surfaces. In terms of the popular commercial package (314 

Bly 11, in.) for one-half pound quantities of cheese, the product would 
contain from 94.5 to 189 my. of sorbie acid, assuming complete migration 
and retention of sorbie acid in the cheese. These values are equivalent 
to 0.042 and 0.0847 of the cheese’ The U.S. Food and Drug Adiministra 
tion on reviewing the evidence for harmilessness of sorbie acid (1, 2, 4, 5, 
6,7) has approved the use of this polvunsaturated (, fatty acid as a harm 


less Ingredient in certain wrappers for cheese products(/0). Indeed, the 


1These values would be appreciably smaller in packaging larger blocks of cheese 


where the ratio of wrapper to cheese is less 
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evidence presented (2) demonstrates that sorbie acid is metabolized by the 
animal organism in the same way as is caproie acid, the saturated C° fatty 
acid found in butter fat in 1.5 to 2.50) concentration. 

Sorbie acid as such and as an additive to the thermoplastic-coated 
cellophane wrapper is stable (6); both the sorbic acid and the treated 
wrapper may be stock-piled for extended periods without fear of sorbic 
acid loss. Sorbie acid is no more susceptible to oxidation than the poly- 
unsaturated fatty acids in butterfat (6). 

The taste and odor tests indicating minimum perception limits of 0.2 to 
0.5% in the cheese indicate a 4- to 10-fold safety faetor between mold 
inhibiting concentration and minimum perceptible concentrations. The 
pl change of less than 0.1 from 6.20 to 6.15-6.10 is much less than the 
pHl variations between separate lots of cheese; pIL change cannot ad- 
versely affect taste. The water solubility of sorbie acid is 0.207 at 20°C., 
so it is evident that in an acid product the minimum perceptible limit is 
not likely to be exceeded ; water insoluble materials have to depend largely 
upon volatile components for flavor perception. 

When used as deseribed, sorbie acid may not only be fungistatic 
but also fungicidal as shown in the reinoculation tests described. The 
af-unsaturated fatty acids are normal intermediates in’ the metabolic 
degradation of saturated fatty acids by molds. The accumulation of the 
end-products of an enzyme reaction will inhibit the enzyme reaction, or 
more specifically, the large concentration of sorbic acid on the surface 
of the cheese in relation to minimal mold contamination will inhibit) the 
This important enzyme 


dehydrogenase enzyme system in the molds (7). 
Only when 


system is essential for mold propagation and even survival. 
there is a large ratio of mold-—or in other words, a large concentration 
of mold enzymes is it possible for the mold to metabolize sorbie acid 
and render it ineffective. Thus, sorbie acid is an excellent) fungistatic 
agent for cheese made under good sanitary practices but of only limited 
effectiveness in protecting cheese made under poor housekeeping condi 
tions. Even in the ease of Blue Cheese made with molds deliberately 
added, protection of the cheese surface against undesirable molds is ob- 
tained by the fungistatie activity of the sorbie acid despite the fact that 
the sorbie acid is eventually metabolized completely (7). The present 


approach toward the use of a normal metabolite for inhibiting a critical 


enzyme system is a physiological one and thereby the most desirable for 
controlling mold spoilage of foods. 

It must also be emphasized that even with sorbic acid-treated wrap 
pers, good packaging operations must be observed. Adequate contact 
between wrapper and cheese must be obtained and ‘‘leakers’’ must 
avoided; the latter permit reinoculation of the cheese by air-borne molds 
after dilution of the surface sorbie acid as a result of migration into the 


body of the cheese. 

The present report does not cover investigations In progress on the 
protection of cheese against mold spoilage during curing operations. The 
Phillips and Mundt study (8) indicated that sorbie acid in 0.10% eoncen- 
tration was very effective in inhibiting veast and mold growth while per 
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mitting normal fermentation in euring eucumbers. The results of this 
study prompted an investigation in our laboratory of the value of sorbie 
acid in the curing of cheese. Such investigations require years before 
valid conclusions can be drawn; the results thus far have been very 


encouraging. 
SUMMARY 


The moist conditions encountered on the interior of most moistureproof 
cheese wrappers require the use of special methods or materials to control 
molds. It has been shown that .05°7 sorbie acid mixed into process Ameri- 
can Cheese is sufficient to inhibit mold. Further tests show that 2.5 to 5.0 g. 
of sorbie acid per 1,000 sq. in. of thermoplastic coated cellophane makes a 
practical wrapper for the control of mold in small packages of process or 
natural American Cheese. After careful consideration the U. S. Federal 
kood and Drug Administration has given tentative approval for use of 
these sorbic acid bearing wrappers on cheese. One test is deseribed to 
show that poor results may obtain because of poorly sealed package elo- 
sures, emphasizing the need for special packaging materials and good 
sealing methods. 

Taste tests of process cheese containing sorbie acid and of natural 
cheeses which had been packaged in treated wrappers showed that there 
is no objectionable taste, odor or color imparted to the cheese by amounts 
of sorbic acid which are fungistatic. Emulsion stability is also not affected. 


LITERATURE CITED 

1. Deven, H. J. Jr., ALFIN-SLATeR, R., Wer, C. S., AND Smuyrn, H. F., Jr. Sorbie 
acid as a fungistatie agent for foods. IT. Harmlessness of sorbie acid as a 
dietary component. Food Research, 19, 1 (1954). 

Deven, H. J. Jr., Causerr, C. F., ANiSsreLp, L., McKernan, H., AnD BLUNDEN, 
Hf. D. Sorbie acid as a fungistatic agent for foods. IT. Metabolism of ag 
unsaturated fatty acids with emphasis on sorbie acid. Food’ Research, 19, 13 
(1954). 

3. Gooprne, C. M. Process for inhibiting growth of molds, UV. S. Patent No, 2,379,294 
(1945) assigned to Best Foods, Ine. 

MELNICK, D., AND LUCKMANN, F. H. Sorbie acid as a fungistatie agent for foods. 
III. Speetrophotometrie determination of sorbie acid in cheese and in cheese 
wrappers. Food Research, 19, 20 (1954 

MeLNicK, D., AND LUCKMANN, F. H. Sorbie acid as a fungistatie agent for foods. 
IV. Migration of sorbie acid from wrapper into cheese, Food Research, 19, 28 
(1954). 

Meunick, D., LucKMANN, F. H., anp Goontina, C. M. Sorbie acid as a fungistatie 
agent for foods. V. Resistance of sorbie acid in cheese to oxidative deteriora 
tion. Food Research, 19, 33 (1954 

Meunick, D., LucCKMANN, F. H., AND Gooprne, C. M. Sorbie acid as a fungistatie 
agent for foods. VI. Metabolie degradation of sorbie acid in cheese by molds 
and the mechanism of mold inhibition. Food Research, 19, 44 (1954). 

Priuuirs, G. F., anp Munpr, J. O. Sorbie acid as an inhibitor of seum yeast in 
cucumber fermentations. Food Technol., 4, 291 (1950), 

. Ssrru, D. P., AND Ronin, N. J. Sorbie acid as a fungistatie agent for foods. 
VIII. Need and efficacy in protecting packaged cheese. Food Technol., 8 (3) 
(1954), 

. Sreprens, M. R. Tro Giupert, A. M. Letter on the harmlessness of sorbie acid as a 
food componnent. U. S. Food and Drug Administration, May 7, 1953. 

Wor, F. A. Molds of meats. Report, 1 July, 1947, to 1 December, 1948, to Quarter- 
master Food and Container Institute for the Armed Forces, Chicago, Mlinois. 





NOTES ON PROCESS EVALUATION 
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The classic method of process evaluation as developed by Ball (/) and 
others represents an attempt to solve the integral, 


t t ks 
L [4 —-[ 10" at (1) 
_ P,: 367 °° 
where 


t = processing time in minutes; 

process efficiency, such that L> 1 means total destruction of the organism studied; 
= time in minutes at a given temperature ‘T necessary to destroy the organism studied; 

time in minutes necessary to destroy the organism studied at a “standard” tempera- 
ture T's (normally taken to be 250°R. = 121.1°C.); 

‘= temperature of product at time t; 
reciprocal of slope of thermal death time curve. (In this paper an average value of 
z=10°C. =18°F. is used in all numerical work, even if the formulae are independent 
of the value used for z.) 


Multiplying both sides of equation (1) by Fs one obtains: 


Ts 


u T 
I. - F's 10 | 10-dt (2) 


where the value of the expression to the right is independent of the thermal 
resistance of the organism studied. F is thus a measure of the severity of 
the process expressed in minutes at the standard temperature Ts. 

In order to evaluate the integral, one must know T as a function of t. 
The exact evaluation based upon the differential equations of heat transfer 
(3, 6, 7, 9, 13) is rather tedious. An approximation for the temperature at 
center of cans filled with products heating by conduction has been given 
by Ball (7): 

log you log oj — t/f (3) 
where 
Tp —'T 
Th —'To 
Te —Ta 
Tr To 
= retort temperature; 


= initial temperature of product; 
temperature at which the asymptote or tangent to the heating curve cuts the zero 


time ordinate; 
reciprocal of the skipe of the asymptote or tangent to the heating curve in minutes 


with respect to °F. and logarithms to base 10 


The author suggests another approximation based upon the hyperbolic 
») 


secant, which is defined as sech x =~. 4 - 

nae 

The hyperbolic secant was found by “trial and error’ to have a shape 

very closely approximating the curves of heating and cooling processes. 
The proposed formula reads as follows: 
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2.04 
=” 
1.02 - sech (skt) rt em 
where 

k = thermal diffusivity (em?/min.) 
4K? oo? BAG ORT 

ea oa _ 
I? I? [D* H? 


(for round cans) Gin em? 


1 l 1 : 
s = 7 ( — a ) (for rectangular cans Inem 
I)? He? W? 


R, = Ist positive root of the Bessel function f(x) =0 

D = can (or rather product diameter for round cans or length for reetangular cans, in em, 
Ht = can (or rather product) height, in em 

W = ean (or rather product) width for rectangular cans, in em. 

The three variables s, k and t in brackets in (4) determine the rise in 
temperature (T) at a point in a body with an initial uniform tempera- 
ture (To), on being suddenly exposed to surroundings with another 
temperature (T,) 

The rise in temperature depends upon the heating time t, the thermal 
diffusivity of the product k, and the geometrical dimensions of the con- 
tainer as expressed through s. 

The derivation of the formula for s ean be found in (5) 

A comparison between equations (3) and (4) is given below: 

Author 


log J log, logy 204 logy, (et 


Tange rt 


logiothe = logio) logiotty = logyoje —~ O4S42 Itanh(skt)| (skt 


Asymptote 
log) vu log,2.04 Fiolly log 2.04 OAH Skt 
f, 
The expression for the tangent to the curve suggested by the author is 
obtained by derivation of the original funetion, which can be expressed as: 


Inu In- 1.02 + In(seeh x) giving 
d(Inu) | 


-sechx tanhx tanhx 
dx sechx 


The expression for the tangent as a straight line must be of the general 
type y=ax+b or logiur =logwe A) x+b where b=logij, is a 
constant for a given value of x, defining the point, where this particular 
tangent-line bisects the zero-time-ordinate. 

The asymptotes are identical as e-*** vanishes for large values of t 
The new formula gives a good approximation to the heating curve for 
small values of t and is, for a given can size, defined uniquely by k. The 
factor 1.02 is introduced to make the zero time ordinate of the asymptote 
equal to the theoretical j. It will shift the ecaleulated T-values slightly 
downwards and thus the corresponding u-values slightly upwards for 
small values of t, compared with the theoretical values, but this is of no 
practical importance for the heating curve 

The theoretical curves calculated, according to the heat transfer equa- 
tions, for cans with proportions D/H =0.5; 1.0; 2.0 are shown in Figure 1, 
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(skt) —- 


Figure 1. The generalized can center temperature u as function of skt according to 
a) Ball’s formula (3), b) the author’s formula (4), c, d and e) the theoretical heat transfer 


equations for the can proportions : 1.0 (curve c), 4 2.0 curve (d) and 4 0.5 (curve e). 


The curves a and b are independent of the can proportions. 


compared with the new heat penetration curve and Ball’s straight line, 
as the latter would appear in the ideal case that one were able to locate 


the asymptote. 
t 


The unit on the abseissa is: skt 0.4342 -f. 


According to the new formula: 
T Tr 1.02 (TR To) sech (skt) (5) 


Insertion of this value for T in (2) gives Fe,, viz.: the F-value of the 
heating period for the can center (index h denoting heating). 


: Ty f" Ty) 02 Ty —Te eech( ok ty 
Ie, 10 “f 10 ‘ : dty, 


Tr-Ts ¢' 1.02(To TR , 
10 vf lO sechiskty) ty, 


Tr-Ty f'h 2.349 To-TR 
10°, / e ; sech(skt,) ty, 


Introducing 
2.349( To Tr) 
my Nh skty, 
Z 


ty ) My 
p| em, - sech my, dt), - I em, - sech ny, dny, 


this becomes: 


I Ys 


sk J, 
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VALUE OF HEATING INTEGRAL ——~- 


10 }——« 
0 
Nh 


Figure 2. The value of the heating integral is shown for various combinations of 
values of m,, and n,. 


The values of the integral for usual values of m), and nm, have been 
calculated by graphical integration and the results are given in Fig. 2 
and Table 1. 

The ‘‘eome up” time is supposed to be zero. If necessary, corrections 


’ time may be made as for the elassie method. 


for a finite “come up’ 
equation (4) may also be used for the cooling period with the slight 
change that the faetor 1.02 is omitted. This is done beeause it is more 


important during the cooling period to have a good approximation for 


TABLE 1 


Value of heating integral: [ Heme weeh 


ny 
Ss it) 12 14 Ith Is 20 22 24 


0.004 O.00L 0.000) 0.000). 0.000. 0.000). 0.000) 0.0005) 0.000) 0.000 
0.0982. OO8S COLT O.007 >) 0.004) O.008) O.002 > OLO0L |) O.000) 0.000 
O4A73  O314 O220) 0.159) 0.119) 0.088) 0.067) 0.050) 0.0388 | 0.0380 
1.164 0.924 O761L) O840) O.547) O.470) 0.408 | 0.352 | 0.5090) 0.272 
2.031 | 1.750 552 1.397) 1.273) 1.163) 1.069) 0.985 | 0.916 | OUS5I 
2.976 | 2.680 | 2.467 | 2.297 | 2.158 | 2.033 | 1.924 | 1.825 | 1.741) 1.661 
3.960 | 3.658 | 3.439 | 3.263 | 3.118 | 2.987 | 2.872 | 2.767 | 2.677 | 2.591 
1.053 164s 1426 1.245 1.101 3.067 SS49 , SOH50) 3.561 
9 * 5.950) SOA 5.421) 5.242 5.094) 4.959) 4400 4.75 O59 4.549 
10 oa 6.949 6.645) 6.419 6.240 GOOD S958 FSBO) 4 SA OO 


, 


1 
i 
1 
4 
j 


*For ny >10 the 
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small values of t than for larger ones. The formula for the cooling period 
is given below with indexes , denoting cooling. 

The time is counted from the beginning of the cooling period. The faetor 
10° "*."° in the final formula is only partly included in the integral for 
convenience in numerical calculations. 

The factor is split up in two factors by the purely formal introduction 
of the “standard cooling temperature,” 21.1° C., thus: 


a*T¢ +21 .1-21.1 


Tg-Te 1 
10 2 = 10 
Teo Tg-2it 
10 2 . 10- ‘ 
171 1-211 . 
q: 10 ; gq: 10°" =q-¢e¢ >" 

The factor q may thus be separated from the integral and the constant 
factor e %% kept included in the integral to give “reasonable” figures for 
the numerical calculations. 

The F-value for the can center during cooling becomes therefore: 


. ‘onaeee f! ; ‘a ce q 7) 
F=f “dar ai 


skt, q 10 


Ta-Ts Tce-21,1 
“19 OF “to 
0 -02 -04 -06 -08 -I0 -I. 





e 
A 


8 





-«sech Cskt) —~ 


\ \ 
+ + ; \ 
TIVO 
| \ 
0.1 0.01 


0.001 


v) 
1.02 
: 








(skt) —- 


Figure 3. The ordinates to the left and the lower abscissae show the values of the 
hyperbolic secant or ,'4, for various values of skt. The ordinates to the right and the 


upper abscissae show the values of p and q (used for the evaluation of the heating and 
cooling integrals) for various values of the retort temperature. (T, for heating and T 


for cooling). 
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Te = temperature of cooling water. 
T, = temperature of can center at the end of the heating period. T; may 
be caleulated aceording to (5) or with the aid of Figure 3 (left part) 
As one always cools the produet to a temperature where the lethal 
effect is practically nil, the only values of the integral needed are the 
limiting ones, corresponding to n.-+*%. The value of the seeond integral 
in (7) is thus a funetion of m,. alone, and is given in ‘Table 2 for normal 
values of m. based upon graphieal integration. 


TABLE 2 


Value of cooling integral 
["s °« 
_iadiaditaale hany 


OOS 
Oona 
OOT5 
O15 
Ose 
O.1680 
O17 
O24 
O29 
O40 
O.450 
O54 
O.“70 
OS30 
Lo 
24 
Loo 
4 
2.233 
ps 


For values of m, above around 22, corresponding to differences be- 
tween T, and Tc of more than 95° C. (171° F.) the value of the last integral 
in,7 becomes very closely an exponential funetion of m,. or 


dng 


ne «GA 
/ em, sech n,~ 23.03 ~ em, M401 or, 
> 


after inserting for m, and changing to powers of 10, equal to: 
T,.-T a 
10 19 695 
This gives, then, 
i q Ty Te 
e~ Ho. 
sk 
| r 
I ™ lh 


“AK 
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These formulae may also be used for calculations of the process effect 
of the cooling period, where Ball’s formula has been used for the heating 
period, provided the value of f used to replace 2.303/sk is the f-value for 
the asymptote and not for the tangent to the actual heating curve. 

The formulae (7 and 7a) are applicable to cases where Ty is near Tp 
If this is not the case and if the cooling period can be expected to contribute 
substantially to the total f-value, the time-temperature curve for the can 
center during cooling may be calculated from (12) using only the two first 
terms on the right hand side, if the change of the temperature of the retort 
from heating to cooling can be regarded as instantaneous and integration 
carried out according to the general method. It is also possible to construet 
diagrams similar to Figure 2, covering the cooling period and where due 
allowance is made for the fact that the temperature of the ean center may 
continue to rise during the first minutes of the cooling period. 

The total Fe-value is obtained by addition of the values for heating 
and cooling as shown below: 


. ] Dy, Nn. + pa ; 
Ie total k [p/ Em, sech nm, dm, + af em, sech n,~ 23.03 dn. | (8) 


The values of p and q can be taken directly from Figure 3 (right part). 
The results obtained apply as already mentioned only to produets heating 
by conduction but may, with caution, even be used as a first approxima- 
tion for other products particularly when only relative values of F 
are sought. 

RELATIONS INVOLVING j,, f., fs AND k 


Calculations of k from j, and f, and vice versa. ‘The values j and f in Ball’s 
method are usually obtained graphically and represent the zero time 
ordinate and the slope of a tangent to the heating curve, rather than the 
asymptote. The practical value of J will therefore depend upon the can 
proportions as shown by Olson and Jackson (8). 

The formula itself applies however to the asymptote and the corre- 
sponding value of J is nonvariant, 

As the new formula gives an approximation to the whole heating curve, 
tangents to the sech-curve may be compared with the aetual Ball-lines 
defined by graphical determination of j, and fy. 

Comparing the slopes of Ball’s tangent line and the slope of the tangent 
to the author’s funetion at the time t one obtains: 


f 0.4342 [tanh(skt)] (sk) 


and similarly for the asymptote; 


0.4342 (sk) 


l 
f, 


Combination of these formulae gives: 


rf. f,- tanh (skt) 
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as the relation between the slopes of the tangent and the asymptote to 
the heating curve. 

Similarly the zero-time ordinate of the tangent (j,) is also a funetion 
of the point where the tangent touches the heating curve, the zero-time 
ordinate of the asymptote (j,) being constant = 2.04 and j, thus a funetion 
of (skt) which ean be obtained by use of the fact that the touching point 
of the tangent satisfies the equations both of the tangent and the heating 
curve. This gives: 

logioje = 0.4342 (tanh(skt)] (skt) + logyol.02 + logysech(skt) (11) 


This relationship makes it possible from a value of j, estimated by Ball’s 
tangent to calculate the corresponding value of tanh(skt). 

Inserting the value of tanh(skt) corresponding to a given j, in equa- 
tion (9) this may be solved for k, thus making it possible to calculate k 
from given values of f, and )j,. 

Some corresponding values of j, and tanh(skt) are given below: 


tanh(skt 
OSS 
544 
O.td 
O74 
OSIS 
soo 
Ooo 
Od4 
Ou72 
OWS 
1a 


The reverse calculation of f, and j, from a known value of k may be 
carried out by means of the same equations with, however, the added 
condition that t also is known, as the seeh-curve is determined uniquely 
when one tangent is known, whereas an infinite number of different tangents 
may be drawn to the curve 

The equations (9) and (11) may also be used to caleulate f, from ob- 
served values of fy, and jy. 

Calculations of k from experiments. One may calculate k from an experi- 
mental heat penetration curve directly according to equation (4) for 


several points on the curve and average the results for the part of the curve 
where they are nearly constant or by means of Figure 3 (left part). 

One may also obtain k graphically if one prepares a set of curves on 
transparent paper, where u according to equation (4) is plotted as ordinate 


against st as abseissa for various values of k 

By placing this paper on top of the actual heat penetration curve 
plotted in the same system of coordinates and moving it along the abscissa 
until one of the k-curves coincides with the observed curve one obtains 
the k sought and also an estimate of the part of the ‘‘eome-up” time, 
which should be ineluded in the time t 

Using this graphical method one may even to some degree compensate 
for the effeet of can proportions by using the information given in Diagram 
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D 
1, viz. that for values of H ~1.0 the sech-curve may be expected to 


fall below the actual heat-penetrating curve for values of u between 0.5 


‘ DD 4 
and 0.95, and that for values of Hl ~0.5 the sech.-curve should fall 


slightly above the experimental curve for values of u between ca. 0.7 
and 0.1 ete. 

Calculation of f for different can sizes. Mquation (10) may be of use in 
calculating f-values for one can size from those obtained from another, 
as the formulae normally used for this purpose (e.g. Olson & Jackson (8)) 
are valid only for the slope of the asymptote whereas the observed f-values 
represent slopes of tangents, and the equation above gives an approxima- 
tion to the relation between thes e slopes. 

It has not been investigated if the use of the equation (11) for this 
purpose really is of practical importance, 


PRACTICAL CALCULATIONS 


Problem. Vo find the F-value for a produet packed in a round can with 
dimensions 73.2 x 103 mm 9: produet size 73.2 x 94 mm. Tr= 121°C. 
and processing time t=SO min. (ineluding half of ‘“‘eome-up” time =6 
min.). To =25°C., Te = 20°C. 


23.15 9.88 


0.543! 
32 0.4 tated 


Calculation of k. 
Tr —T u skt 


Observations 
Ta—To 102 (from fig. 3) 


1.000 0.980 0.20 
O.SU6 O.STS O50 
0.677 0.663 
O.445 0.456 
0.281 0.275 
OTT O.173 
O.104 0.102 
O.0625 O.O618 
0.0565 O.035S 


102 — 0.50 
0.0925 
80 — 10) 0.5439 
k is estimated from the interval where linear relationship exists between 
skt and t. For small values of t the formulae show deviations and for large 
values of t the experimental errors in Ty-T are likely to be rather large 


Evaluation of the integrals: 
2.349 (25 — 121) 


heating integral 0.30 
hy 0.5439. 0.0925 - S80 1.02 
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T, from heat penetration curve = 117.5°C, for t =S0 


2.303 (117.5 — 20) : a 
Me an 22.45 9: cooling integral 
10 
p from diagram 3 (right) =0.98 
q from diagram 3 (right) =0.78 
l 


‘c = 0.98 - 0.30 + 0.78 - 0.28 
Ki 0.5439 - 0.0925 | 0 + 0.7 | 


Control by the “general method” gave Fe =5.74+3.3 =9.0 


VARIABLE RETORT TEMPERATURE 


The usual heat penetration formulae are all based upon instantaneous 
heating and cooling. A general solution of the ease of retort temperature 
changing linearly with time as well is given by Riedel (9). 

The numerical solution is given only for one particular proportion be- 
tween can height and diameter. The use of the formulae of the author 
makes it possible to obtain a good approximation to the produet tempera- 
ture T, as a funetion of time, even for other ean sizes and proportions 
Due to the increased number of variables the actual integration must be 
carried out by the general method. In simple eases as with first a linearly 
increasing retort temperature, which suddenly charges to a linear de- 
crease at the same rate tables Tay be caleulated covering these particu- 
lar circumstances. 

The general formula is: ° 
. AT R 


T. = Tra — >.(TR'— TR") sech (skt —skt 
K ; R K een i} mH Vk) 


gd(skt —skti) (12) 
Mquation (12) is thus a generalization of equation (5), wherein (i.e. 


time when a sudden jump in retort temperature occurs 
retort temperature before the jump 

retort temperature after the jump 

retort temperature at time t 


/ sech(skt) d(skt is the so-called 


gudermannian 2 tan! et 


time when a change in the slope 
ATr 
of the retort temperature occurs 
A (skt 
It is thus possible by using equation (12) to calculate with fair precision 
the center temperature of a can where for example the retort temperature 
at start is equal to the temperature of the can contents, then rises, is 
again held constant and finally is lowered at a constant rate. In order to 
carry out these calculations, the k-value of the product must be known. 


LOGARITHMIC DESTRUCTION RATE 


The improvements in calculations of processing values obtainable by 
considering the logarithmic rate of destruction as recommended by 
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Stumbo (/0, 11) and others may easily be taken into account by defining 
Ke in a more precise way as 


* 


Fo = 1-4 = —log, (“)-% (13) 


where 
= decimal reduction time at Ts in minutes 
logyy(a/x 
initial number of organisms per unit volume 
= final number of organisms per unit volume 
A logical consequence of the idea of the logarithmie death rate is the 
use of the probable number of survivors per can (or probability of oecur- 
rence of survivors) as an indication of process efficiency. This means, that 
a second integration should be carried out over all locations in the ean 
This has been done by Stumbo (//) and Gillespy (4). Hicks (5) has also 
studied this problem and concludes that for conduction heating the num- 
ber of survivors in the can may be estimated as the number of survivors 
per unit volume at center multiplied by the “equivalent volume’? (V,) 
which for conduction heating (k ~0.1) is about 2100 of the total volume 
(V), and for pure convection heating about equal to V. It may therefore 
be useful as a crude approximation to assume the equivalent volume 


V.=V-2-k (14 


with the added condition that when 2k? exceeds 1, V. is taken =V_ viz 
k is never inserted in the formula with a value above 0.7. (The k used in 
the formula above is expressed in metric units (em? min.)). 

The F-value for the whole can is: 


‘ZL = logw(A/P)-Z 
where 
A number of mitial organisms per can 
P = number of final organisms per can = x- Vi 2k 


This gives for the F-value of the whole can: 
I hy Z (ogyk? + 0.2) 16) 


The probable number of survivors per can identical with the proba- 
bility of oeeurrenee of survivors and also nearly identical with the 
probability of spoilage or expected proportion of spoiled cans as explained 
in the section of this paper that follows may be estimated in a similar 
way and becomes: 


Pei ‘ ° ; ; 17) 


PROBABILITY OF SURVIVAL 


In several papers (/0, 77, 72) Stumbo has deseribed improvements in 
the methods of process evaluation They are based upon the logarithmie 
rate of destruction of the spores and the ensuing consequence that abso- 
lute “destruetion times’ do not exist. Instead of computing the process 
necessary to “destroy” the micro-organisms present in a ean, one ought 
to compute the proportion destroyed or rather the proportion still sur- 
viving, the latter approaching, but never reaching the value zero. 
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In connection with this work Stumbo has introduced the concept 
“location of greatest probability of survival” in a ean. His definition of 
this concept seems to the author to be inappropriate and apt to lead to 
confusion. It has more or less explicitly been eriticized by Ball (2), Gillespy 

4) and Hieks (4 

Probability may be defined mathematically as the proportion between 
numbers of successful events and possible events and can thus be expressed 
as a number between zero (“impossibility”) and 1 (‘eertainty’’). 

When considering various volumes of food, loeations, layers or entire 


cans the probability of survival may thus be interpreted as number of 
survivors (successful events) in a certain volume of food, locations, ete 
divided by the initial number of organisms (possible events) in the same 
volume of food, loeations, ete. Stumbo, however, uses the designation 
“probability of survival’ to indicate the number of survivors (successful 
events) In certam locations disregarding the initial number of organisms 
possible events); his “loeations” per definition have different) volumes 
and thus contain different numbers of initial organisms at different dis- 
tances from the can center. This leads to the consequence that before 
processing, with uniform distribution of the organisms throughout the 
contents of a can, the “location of greatest probability of survival” is the 
layer next to the ean surface; this layer (of all layers of the same thickness ) 
has the largest volume and thus at that time contains the greatest number 
of organisms 

With the definition of probability, used in this paper, the “probability 
of survival” in the case cited, would be the same throughout the ean, whieh 
seems to the author to be more natural. If Stumbo had used the phrase 
“containing the greatest number of survivors” instead of ‘of greatest 
probability of survival” there would have been no reason for eritieism. 

The “probabilities of survival” as defined by Stumbo may be recon 
ciled with the “probabilities of survival’? defined “normally,” if the locea- 
tions chosen are of the same size and thus contain identical numbers of 
initial organisms. If a subdivision of the contents of a ean into loentions 
(layers) is carried out in this way, the “P-requirement eurve’ beeomes 
a horizontal line and the point, where it may be brought to toueh the 
“PF -distribution curve” will always be at center (cold spot), ice. the loea- 
tion receiving the least amount of lethal heat, with the possible exception 
of cases with very high initial temperatures aecording to Hieks (4) and 
Gillespy ( 4). 

What Stumbo does by the imaginary division of the ean contents into 
layers of equal thickness is to define a specifi distribution of the survivor: 
in the can. He then compares this distribution, whieh stipulates identical 
numbers of survivors per layer of identical thickness (irrespective of 
volume) with the actual “T’-distribution eurve,”” which gives a pieture of 
the actual distribution of survivors 

If the actual P-distribution is of nearly the same shape as Stumbo’s 
“stipulated” distribution, his method as deseribed in (/0) gives a good 


approximation to the number of survivors in the can and consequently 


the spoilage risk. If not, the difference may be quite large 
The method of calculation given by Stumbo (77) which implie 
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integration over the whole volume of the can is not subject to the objee- 
tions given ebove. 

To avoid confusion it may be useful to define the “probabilities” one 
deals with, more carefully than has hitherto been done. The author offers 
the following three definitions: 

(a) Probability of survival (Ps). Defined as: The proportion between 
final and initial number of viable organisms in any location or volume 


under consideration; thus: n 


(b) Probability of occurrence (Po). Defined as: The proportion between 
final number of viable organisms and the number of volumes (cans, loca- 
tions, etc.) of a certain size, among which these organisms are distributed; 
thus: 


n = number of viable organisms. 
N total number of volumes (cans, locations, ete.) each of size V. 

(ce) Probability of spoilage (P.,). The proportion between the number 
of volumes (cans, locations, ete.) of a certain size, expeeted to contain at 
least one viable organism, and the total number of such volumes con- 


sidered 4 thus: 
ny 


» 
; N 
where 
ny number of volumes expected to contain at least one viable organism. 
The relationship between these probabilities may be demonstrated as 
follows: 
The total mass of food considered is equal to total number of columes 
(N) times the size of each volume (V). 
It is also equal to the number of survivors (n) times x BS X expresses 


l . 
the number of survivors per unit volume and = the size of volume, which 


on the average will contain one survivor. 
ae rs n 
his gives N-\V 


Inserting x = Pg-a and 


one obtains: 
Po 
The relation between P,, and Po may be expected to be given by the 
Poisson distribution such that: 
| 
Pr... = or ePo = 
P ePo | — P,, 
Kor small values of Po and/or P,, one may thus take: 


Pan = Po 
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These definitions make it possible to distinguish clearly between degree 
of survival (expressed by Ps), probable number of survivors (expressed by 
P.) and probable proportion of spoiled cans (expressed by P,,). 


SUMMARY 


The suggested formulae for estimation of F-values based upon the 
use of hyperbolic secant give a good approximation to the complete heat 
penetration curve for conduction heated produets. This makes it possible 
to use essentially the same function both for the heating and cooling 
part of the curve. The classical methods have the weakness that data 
obtained from tangents to the heat penetration curve are inserted in 
formulae, which strictly are only valid for the asymptote. This does not 
apply to the new formulae. 

For the rough estimation of the probability of spoilage a formula ts 
also given which may be of use when devising processes for eans of widely 
varying sizes and produets of widely varying thermal diffusivity. 

The concept of “probability of survival” as introduced by Stumbo ts 
and definitions of “probability of survival,” “probability of 


discussed 
“probability of spoilage” are given which are deemed 


‘ 
occurrence’ and 
to be necessary to avoid ambiguity 
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THERMAL CHARACTERISTICS OF BACTERIAL POPULATIONS* 
R. G. TISCHER” ann H. HURWICZ 


(Manusenpt received March 26, 1953) 


The effect of heat in the destruetion of microorganisms important in the 
preservation of foods has been under investigation practically since the first 
concepts of bacteriology were enunciated 


1. Thermal Death Point and Time Concepts. 

The concept of thermal death points (1, 2) has been defined as the length of time 
necessary to kill a given organism at a single constant temperature. Since it is well 
known (3, 4, 6) that the time required under these circumstances is dependent, in addi- 
tion to the conditions mentioned, on the number of microorganisms being heated, this 
definition of thermal death point is ambiguous in admitting an infinity of time values 
at one constant temperature as descriptive of the thermal characteristics of one micro- 
organism if the size of the population considered is allowed to vary 

Definition of a thermal death time, as often used, also contains the ambiguity that 
the magnitude of the population of microorganisms in question is often only roughly 
specified and in some cases, apparently, no direct account is taken of the influence of 
this variable. In addition, thermal death time is presumed to divide the time-tempera- 
ture space in which it is considered into an area in which survivors are present at any 
point and one in which there are no survivors. (See Fig. 1) 


The differential equation of the thermal death time line ts 
(Int 


where 
t = time 
T = temperature and the partial derivative is used to denote the dependence of t on at 
least one variable other than 'T, for instance upon the initial load of mucroorganisms 
Upon integration, considering a given load of microorganisms, 
d? (Int 
ar 
d (Int 
dT 


fa (Int Kfar 


(Int) = KT + ky 4 


ana, 


where K is a constant of integration 
Integrating again, 


indicating that the thermal death time curve is a linear funetion of constant slope Ko with 
the (Int) intereept I, 
Integrating equation 3 between limits, 


[Taant) =k [rar 


Jt “11 
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Figure 1. Hypothetical thermal death time curve 


yields 


the familiar equation for the rate of a monomolecular reaction in which 
Int, — Inty 
TT, 


the true slope of the thermal death time line. 
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log 2.78 — log 27.8 
250 — 232 
0.444 — 1.444 
Is 


In Figure 1 (using Brigg’s logs), K 


nf 
1s 
Now since z (6) is defined as the number of degrees necessary for the thermal death 
time curve to traverse one log cycle, 


—I1 
(9) 


and ee 
lr, I. 
(10) 


log t log ty 


and z, the term usually used to designate the slope of the thermal death time line is apparently 


(11) 


Zz cot a (see Fig. 1 


whereas the true slope is 
Ix tun @ (12 


2. The Nature of Heat and Its Effects on Probability of Survival and Thermal Death 
Rate Concepts. 
Examination of the background of the monomolecular the ory of death of bacteria 
leads directly to a consideration of the nature of heat effect 
If heat as considered as a continuous, homogeneous effeet, the death of miuero- 


organisms would follow a course quite different from that found experimentally 

For example, visualize a continuous homogeneous wave front of heat of unit area 
at a temperature sufficiently high to possess a lethal effect in some finite time —t,. If 
this wave front advanees through a population of bacteria in any single direction, all 
of the microorganisms would die at once at tine t;, and the probability of survival 
would have only two values, 0 and 1, an occurrence which is contrary to well known fact 

If heat is considered to consist of particulate quanta of energy which are not con- 
tinuous (do not occupy all of a given space) and may or may not be homogeneous, 
then the probability of affecting a single site of inactivation in a single microorganism 
in a population of microorganisms would depend upon the concentration of the micro- 
organisms and the concentration of quanta of energy in the given space. This model 
would allow for a continuous set of probabilities between 0 and 1 and appears to be the 
only logical basis upon which the effeets of heat on microorganisms may be explained 

The mathematical description of the thermal death rates of microorganisms follows 
a course which is very similar to that for thermal death times. For any constant 
temperature of treatment, the rate of death of microorganisms is related to the duration 
of treatment and to the concentration of microorganisms. 

Outstanding in the literature are the writings of Chick (7) and Rahn (3, 4, 46) both 
of whom employed the laws of chemical reaction rates to deseribe the death of bacteria 
under the influence of disinfectants, heat, moisture, time, ete 

Beginning with the statement that the rate of change of coneentration of micro- 
organisms with time is proportional to the concentration of microorganisins, 


dc 
dt 


kC 


this relationship may be readily developed; upon rearrangement and integration, 


dC 
| ~k fiat 
Cc 


and 
Inc 
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or, again, integrating between limits, 


and 


2.3038 ( 
and log 
elie ( 


in which 
reaction velocity constant 
initial concentration of microorganisms at time 
final concentration of microorganisms at time t; 
Again, in the literature, use has been made of the convention —cot a to represent 
the slope of the curve. Terms commonly employed (8) are: 


Zeta Z I) 
k 


where k is the true slope of the thermal death rate line defined in equation 17 
The occurrence of non-linearity of TOR curves in log-linear coordinates may be taken 


as an indication that an amount of heat sufficent to inactivate a part of a population of 


microorganisms Causes some injury to the remainder of the population, thus rendering it 


more susceptible to continued heating In the event of thus Occurrence, the relationship 


t t 
Is 
logach 
where 
it initial number of microorganisms 
hb final number of microorganisms 
‘ 


would require alteration to account for the variability of Z with time. In the absence of 


experimental evidence, this function might be written as 


-—* t 
aera 
loga/b 


which could be used to account for linear or logarithme variation of Z with t, depending 
on the interpretation of 8 
The monomolecular rate equation 


has been restated by Stumbo (8 


loga +P 
where 
ty 
a) 
imitial number of mieroorganisms 


| 
and I’ log 


where b =final number of microorganisms. 

P is described as the probability of survival of a microorganism following a preseribed 
treatment and is intended to show that survivals less than one per unit volume may be 
expressed as one in several units of volume. 
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Actually, the same result may be attained in simpler fashion by using the equation 
in standard form (Equation 17) and calculating C; or, introducing the slope function Z as 


ath. (23 


| = 
log a/b 
and then caleulating b, the number of survivors. If the resulting solution yields a value for 
b which is greater than one, a “probability of survival’ seems inappropriate since proba- 
bilities are usually visualized as varying between zero and one. This could be circumvented 
by establishing the initial loss as possessing a probability P=1 at t=0 and P<1 at any 
time t,, in which case equation 23 could be written as 
ti — to ty ti —t 


/, 


1 = o e ™ ; 
log a’/b’ log 1/b’ log 1 — log b’ log b’ 


and 
ae 
. y) 


may be interpreted as the probability of survival at t). For example, if t;=10.44 and 
Z=%.48 (see Table 2), then b’=0.001. If b is to be interpreted in the usual sense as the 
number of survivors, this may be accomplished by employing the expression 


b = ab’ = number of survivors for any spore load a. 


If Rahn’s (4) theory of a single site of inactivation is accepted, the probability of 
survival should be considered in two parts. The probability of survival of the popula- 


tion may be a constant value for stated conditions and will lie between O and 1. If 


partial inaetivation is considered, then each microorganism will also possess a prob- 
ability of survival which may take any value between O and 1 
partial inactivation is not the true ease, the single microorganism may assume only 


In the event that 


two probabilities of survival: 0 or I 

The possibility of one spore surviving in one of 
volumes exists only on the premise that the effeets of the treatments are, in fact, not 
identical, If the treatments were known to be identical in reducing a population of 
microorganisms below one per unit volume in the case where partial inactivation is not 
assumed, then no increase in the number of repetitions of the treatment, no matter 


a number of identically treated 


how large, would allow of a probability of survival other than zero 

The practical fact that there does exist the probability of survival of one 
in several volumes which have undergone presumably identical treatments must then be 
interpreted to mean that the treatments were not actually identical or, that a micro- 


organism may actually be partially inactivated 


spore 


3. Functional Relationship between Characteristics of a Heat Treated Bacterial Popu- 
lation (Concentration-Time-Temperature Space). 
Ball (6) deseribed a relationship between thermal death time and thermal death 
rate curves which could be used to produce so-called “phantom” thermal death time 
curves using rate-of-destruction data presented and the expression 


— 
(x 2 \og ) ( jin ) 
oO Xow 1 - log Xie 4 1O"” 

~~ F 00 *4™ 100 


z = slope of the thermal death time curve to be ealeulated. 

Tand T’ = two temperatures for which thermal death rate data are available. 

lag periods at T and ‘T’ during which the number of microorganisms sub- 
jected to heat did not diminish in number, 


Zand Z’ = slopes of the rate of destruction curves at T and T’, 
an arbitrary level (percentage) of survivors which occurs after time Xz,. 


in which 


; 
Xioo ANA Xoo 


a= 
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Figure 2. Hypothetical Z vs. T curves 


Xe Xin — Z log 
® 100 


. a , 
Z log 100 t, — t,, the times necessary to reduce the number of survivors a[), and 097%, 
respectively. 

The value of z does not depend on the value of a chosen for reference. If a is set at 90%, 
the plot of Z vs. T yields a phantom TDT curve for this value. A similar result oceurs for 
any finite positive value of a except zero and at this point a=0 equation 1S becomes inde 
terminate since there exists no logarithm of zero and equation 1S fails to define any TDT 
curve because the TDT curve, as usually defined, is that curve along which there are no 


survivors Whatever 
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TABLE 1 

Values of Z for temperatures of 200-260° F. when B —=—.0555 and log a = 14.4310 

log a O5551 Z 
S199 ZOSY 
0420 1102 
7650 582.1 
4870 BOG 4 
2088S 161 
9199 So 
6530 14 
3760 23 
O977 12.52 
O S200 6 607 
0.5420 3.485 
0 2640 1 S36 
0 O134 QO OS66 


m4 
3 
3 
U 
, 
2 
U 
1 
1 
I 
I 


The independence of z from a may be simply demonstrated when x 1 = O since 


at this point, the expression becomes 


T_T 
Z' log 2/100 
lo. ( Z log a ion ) 


| | 
log Z’ log Z 


i 
and log cancels out to yield 
nl 


If the population of microorganisms to be investigated ts assumed to be L000 in number 
before heating and the effect of temperature ts that shown in Figure 2 then on the 
Z vs. ‘T curve 
. log 10 log l 
Slope B 
242 200 


0 I 
Is Is 


and 


log Z = loga — .0555T, the equation of the eurve 


when T = 242° and Z = 10 
] log a 0555 (242 
log @ 1 + 0555 (242 
1 + 13.45 14.4510 
and the equation of the Z vs. T curve with the constants determined ts, 
log Z 14.4510 0555 T. (28 
Values of Z for temperatures ranging from 200°-270° F. are shown in ‘Table 1. These 
values are shown graphically in Figure 3 with the added assumption that the initial load 
LOOO microorganisms 

Using the data from Table 1 the curves in Figure 4 were constructed tv yield a graphical 
interpretation of the relationships among the variables for destruction rate and teniperature. 
The curved lines in the xy planes are what might be termed “pseudo” TDT curves (since 
they exist at various levels of destruction other than 100°( and are therefore not true 
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Figure 3. Effect of T on Z when a = 1000. 


TDT curves) and are curvilinear because the coordinates are linear. The straight lines 
in the yz plane are ordinary TDR curves. The curved lines in the xz plane are thermal 
death temperature lines for constant time values ranging from 0.02-400 minutes 
Beginning with an initial load of LOOO microorganisms, the BZT curve at time t 
has a slope of zero for all temperatures since no time of heating has been applied and this 
BZT curve where B=0 comeides with the xz plane. Each succeeding BZT curve is an 


4 For the remainder of this discussion these “pseudo” TDT curves will be termed 
BZT curves to indicate that they are temperature curves located at some arbitrary 
level of destruction, BZ in which Z is the slope of the TDR curve and Bis a multipher 
indicating the number of log eycles through which Z has passed to reach the survivor 
level chosen, beginning with a stated constant imitial load of microorganisms 
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exponential function whieh, in terms of time, tends toward infinity as temperature is lowered 
and toward zero as the temperature is raised 

If the BZT curves are true semi-logarithmuie funetions, 
»«* or, in other words, the number of survivors approaching 
that, theoretr illy, the TD 
The true TDT curve 


an infinite number of such 

curves could be drawn with B 
(but never reaching) zero. From this argument it is clear 
concept does not exist unless the senu-logarithmue relationship fails 
may only be visualized, if at all, in the viemity of zero on the Z axis 
The TDR curves Gsothermals) related by equation 2S all interse 

the value of Z for each temperature inereasing as the 
s toward (but 


et the line repre 


senting OOO survivors at zero time, 
lor increasing temperatures the value of Z decrease 


temperature decreases 
»o and mav even be conceived of 


never reaches) zero, Kor decreasing temperatures, Z 
as passing through infinity where the lethal effect of temperature disappears and becomes 
an incubation effect 

The isochronal lines for t 
relationship between number of survivors 


0.02, 0.5, 20, 100, 200, 300, and 400 minutes reveal the 


and temperature for any constant time These 
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curves may be visualized as originating at Z * where the number of survivors is LOOO 


for all times of heating or, similarly, where the lethal effect 
the isochronal curves are paralle l with the xz plane and appro h zero at high temperatures 
‘These curves will tend to intersect a line on the Z axis where time ts infinite and the lethal 


of temperature is zero. All of 


effect of temperature is zero 
The curved surface presented is one of an infinite fanuly of such surfaces, located above 
PNCTOOPLATISTIES 


and below the present pine , each representing a different initial load of 
ittributes 


An equation of this surface may be derived through consideration of the 


of the TDR and BZT curves 


expresses the TIT relationship in terms of 
> concentration Ob mniieroorganisiins 


t tirne 


Z slope of the TDR « irve 


Integrated between limits this vields 


where 
{) 
I time of heating at ‘I constant temperature 


Hutial concentration of muicroorganisis 
final concentration of microorganism ina 
If Zand Tare related as shown an biguire 2» 
AZ 
dt 


LZ iI 


where Bis the slope of the Z values (Zetas> over temperature aid is defined as the recipron nl 


of the number of degrees required for Z to traverse on log evele the number of degrees 


during which Z is reduced by 90O°,, Nin Figure 3 


Integration between limits vields 


or, substituting Z 


in which 


Tine ¢ 


noarbitrar { nee temperature 


other ripe ur corres ponding 
Hhicks I und Crillespr I] ce veloped relationships between thermal death rates 


ind temperatures slong similar lines of reasoning 


If itis desirable to work entirely in Brigg’s logarithioes the « 


BCT, 4 


Xpore mv be written as 
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Using equation (25) in which 


= 240 
To = 250 
= 1000 
= 10 
= 34S 
= — O555 
Z,, log a/b 3.48 (2) 


e203 B(To-T;) 278 


and evaluating e* from a table of natural logarithms (or exponential functions) 


: 6.96 
U, = = = 24.9 min. 
279 
The values in ‘Table 2 were derived by this means for temperatures of 200-300° F. for 
survivals of 1000-0 microorganisms. Except for errors arising from use of logarithms these 
values agree with those shown in Figure 4 


TABLE 2 
Times (U) required at 200-300° F to reduce 1000 microorganisms to several levels 
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SUMMARY 

A critical review of classical concepts of thermal death pot and time is 
given with the explanation of underlying mathematical principles in Equa- 
tions 1-12. 

The quantum nature of heat energy is considered as the basis for exist- 
ence of a continuous set of probabilities of survival of bacteria facing a 
discrete front ol quantized heat energy. The concentration of bacteria and 
of heat energy become then paramount Laetors In assessing lethal effeets ot 
heat treatments. Thus the quantum nature ol heat may well be one ot the 
causes of the logarithmic order of death of bacteria. The probability ol 
survival of one spore in a number of containers is thought to be a result of 
heterogene itv of effects ol heat treatments Lup pr de d to those containers, 

The thermal death rate concept is) revi wed and extended trom the 
differential equation of monomolecular rate of reaction to the integral form, 
and deviations from the logarithmie order of death are considered 
(Ieqs. 13-25). 

The functional relationships fmony variables pertinent to the destrue- 
tion of bacteria at various t Inperatures are discussed in detail, and a three 
dimensional diagram of bacterial concentration, time ol exposure and 


temperature of heat treatment is given to illustrate graphieally these rela- 


tlonships und to taeilitate the Interpretation ol the correlation of the 
destruction rates and te mperatures ol treatment, or ol the change in concen- 


tration with time and temperature 
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OBSERVATIONS ON THE THERMAL RESISTANCE OF PUTRE- 
FACTIVE ANAEROBE NO. 3679 SPORES IN) THE 
TEMPERATURE RANGE OF 250-300°F.4 


I. J. PFLUG anp W. B. ESSELEN 
Departments of Agricultural Engineering and Food Technology, 


University of Massachusetts, Amherst, Massachusetts 
(Manuscript received June 24, 1953) 


The study of the thermal resistance of Putrefactive Anaerobe (P.A.) 
3679 reported by Pflug and Esselen (3) has been continued to obtain 
additional data on the behavior of the organism when exposed to moist 
heat at high temperatures. In the present investigation, consideration has 
been given to the relationship between spore concentration and D value.” 
An attempt was made to ascertain the reason for the apparent increase in 
caleulated D values with heating times at a given temperature, as has been 
frequently observed. The effect of the number of samples run at each time 
and temperature interval on the ultimate results has been assessed on a 
basis of experimental data and statistical probability. 


EXPERIMENTAL AND DISCUSSION 


The method of growing the spores, preparation and counting of the spore suspension, 
apparatus technique, subculture media, and incubation conditions are the same as those 
deseribed in Pflug and Esselen (3). 

A thersnal death time curve of 1D for P. A. 3679 suspended in M/15 neutral phos 
phate buffer, 10,000 spores per 0.01 mL, 0.01 ml, per cup is illustrated in Figure 1. 
This curve is based on caleulated D values as presented by Pflug and Esselen (3). The 
upper and lower limits of the curve of Figure 1 are for the one per eent level with 
92 degrees of freedom. As will be discussed below, the wide range of D) values in Fig 
ure lL appear to be due in large part to the tendeney for the ealeulated D values at any 
particular temperature to increase with heating time (U). This trend has been observed 
and reported by Reynolds and Lichtenstein (4), and others. 

The increase in DD) value with heating time (U) appeared to be more pronounced 
when increased numbers of samples were run at a given time interval io study this 
effect and at the same time the effect of spore coneentration, tests were made at 280° F 
using 48 samples at each time-temperature interval with spore coneentrations of 120, 
10,000 and 1,000,000 per 0.01 ml. The spores were suspended in M/15 neutral phosphate 
buffer 0.01 ml. per cup and subcultured in liver broth. The resulting data are presented 
in Table 1. 

The data were treated according to the method of Stumbo. Murphy, and Coehran 
(06) as follows: 

U 
loga i" log b 
U time of heating (min.) 


ID 


a initial number of spores per sample multiplied by the number of replicate 
samples, 

b probable number of spores surviving at the end of heating time U. 

n number of replicate samples. 

P number of samples showing growth 

4 number of sterile samples as evidenced by lack of growth (1-p 

“Contribution No, 902, Massachusetts Agricultural Experiment Station 


*D value is the time in minutes required to reduce the number of organisms by 90‘ 


qe 
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Figure 1. Thermal death time curve for spores of P. A. 3679 suspended in neutral 
M/15 phosphate buffer with limits for the 1‘) level with 92 degrees of freedom. 
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The value of b was obtained by applying the equation of Halvorson and Ziegler (. 


b=nin 
q 

to data obtained from (n) samples subjected to one time temperature relationship (1 
that sterilized only a portion of (q) of the total number of samples. The DT) values 
obtained for the 3 d’ ferent spore concentrations are in general agreement. It can be 
observed from Tabl 1 that the ealeulated DD values increase as the time of heating 
increases 

The D value is the time in minutes required for the destruction rate curve to 
traverse one log evele; the method of calculating TD values by the formula 
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assumes that the destruction rate curve is a straight line when plotted on semi logarith 
mie paper as determined by 2 points (a,Q) and (b,U). Thus, each test that sterilizes 
only a portion of the samples yields a [) value 

Since the initial coneentration is a constant during any test, all destruction rate 
curves will pass through the point (a,O). It has been observed that when large numbers 
of samples are tested and the ealeulated probable numbers of surviving spores (b) are 
plotted on a destruction rate curve, they align themselves around a line that requires 
more time to traverse one log eyele than the lines connecting any of these points (b, U) 
with the initial point (a,QO). 

In Figure 2 this relationship is illustrated for the 120, 10,000 and 1,000,000) spore 
levels. The data from which these curves are derived are-given in Table 1. In Figure 2% 
the slopes (D value) of the regression lines through the b values for the 120, 10,000 
and 1,000,000 spore levels are 0.043, 0.041 and 0.046 min,, respectively, as compared to 
the average ecaleulated D values of 0.0288, 0.0252 and 0.0253 min. Although the D 
values derived by one method or the other are in general agreement, the values derived 
by the 2 methods are not in good agreement 

The curves illustrated in Figure 2 suggest that the calculated number of surviving 
spores (b), for a high percentage of positive tubes, is somewhat low, especially when 


a7 rina 
FILA SME 


Figure 2. Destruction rate curve for concentrations of 120, 10,000 and 1,000,000 
spores of P. A. 3679 per 0.01 ml. at 280.0 F.(137.8 C.) suspended in neutral phosphate 
buffer. Solid lines represent destruction rate curves for average calculated D values, 
broken curves represent regression lines calculated from probable number of spores (b). 
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they are compared to a destruction rate curve having an average caleulated D value. 
Preliminary data in making quantitative counts of surviving spores indieate that this 
might well be the ease. The number of surviving spores at comparable time intervals 
determined by quantitative counting are considerably greater than the number of spores 
calculated from the number of positive tubes. 

From further inspection of Figure 2 it is obvious that if the caleulated number of 
spores (b) were in agreement with the straight line destruction rate curve based on 
the average ID value a uniform ealeulated D value would be obtained. Owing to the 
difference in slope of the calculated destruetion rate eurve as compared to the curve 
through the number of spores (b) ealeulated from the number of positive tubes there 
cannot help but be an increasing D value with heating time (U). 

Another factor to be considered in the evaluation of spore destruction data is the 
reliability of the initial data. If the assumption is made that there is a binomial dis 
tribution, the number of tubes showing growth under identical conditions would be 
expected to vary. The expected variation depends upon the number of samples. 

In Figure 3 the expected variation at the 95% confidence level is illustrated. Data 
for Figure % were obtained from Hald (7) and Snedecor (5). The curves of Figure 3 
are arranged so that the expected variation can rapidly be obtained for 6, 12, 24 and 
15 replicate samples. It can be observed from Figure 3 that the expeeted variation 
with a small number of samples is very great and that the accuracy of any test may be 
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Figure 3. Relationship of the 95% confidence interval for sample size (n) of 6, 
24 and 48 for binomial distribution. 
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increased considerably by using a larger number of samples for each time temperature 


interval, 

The number of samples to be run at each time-temperature interval may then be 
based on the accuracy desired, as obtained from Figure 3. The use of 24 replicate 
samples for each time temperature interval has been employed as a routine practice 
in this laboratory, although larger numbers of replicates are preferred in some eases, 

A particular test of 16 runs of 6 tubes each, at 14 different time intervals, making 
a total of 1,344 samples were checked at the 6, 12, 24 and 48 level by random grouping. 
In all cases more than 957 of the samples fell within the limits of Figure 3. This 
result is significant in that it indicates that results are consistent within the limits of 
experimental error. 

SUMMARY 

A thermal death time curve for P. A. 3679 spores in neutral phosphate 
buffer in the temperature range 235 through 300°F. with regression limits 
has been presented. Thermal destruction data have been presented for 
120, 10,000 and 1,000,000 P. A. 3679 spores per 0.01 ml. in neutral phos- 
phate at 280°. The D values for these 8 spore concentrations were in 
general agreement. The trend of I) values to increase with heating time 
(U) has been discussed. The normal variation expected within the 95% 
confidence level has been discussed in relationship to aeeuraey and number 
of samples to be tested at each time-temperature interval. 
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THE EFFECT OF SYNTHETIC PLANT AUXINS ON THE 
HEAT RESISTANCE OF BACTERIAL SPORES*” 
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Department of Horticulture, Purdue University, 
Lafayette, Indiana 


(Manuseript received June 24, 1953) 


In a recent study by the authors to ascertain the antibacterial activ- 
ity of several edible green plants, it became evident that many plants 
contained naturally occurring constituents which would markedly reduce 
In the plant 


the heat tolerance of spores of food spoilage organisms (5). 
kingdom there have been many substances which would inhibit plant 


growth as well as seed germination. Auxins, plant hormones, are naturally 
oceurring substances which have been shown to exert an influence on the 
germination of seeds and the flowering of many plants (8). Ball (7) and 
later Beckwith and Geary (2) tested the effect of indol-3-acetic acid on the 
vegetative cells of Escherichia coli and Eberthella typhosa (Salmonella 
typhosa) and observed that at low concentrations this auxin stimulated the 
growth of the organisms. Hills and Powell have been able to demonstrate 
that, in some cases, the requirements for germination of spores of aerobic 
bacteria are simple (3, 4, 6). A single amino acid, adenosine, or glucose 
alone may be sufficient to cause 9007 germination 

It was believed that plant auxins may act on bacterial spores by stimu- 
lating germination. If spore germination could be induced, the vegetative 
cells could be killed easily. To test this theory and to study the mechanism 
and mode of action of synthetic plant auxins, thermal death time studies 
were undertaken employing varving concentrations of svnthetie plant aux 
ins, as well as other compounds, against the spores of Flat Sour No. 787. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Preparation of spore suspension of Flat Sour No. 787. A spore suspension of Flat 
Sour No, 787 was obtained by growing the organism’ for 48 heurs at 55°C.(131°F 
washing the organisms 


7.0, 


on the surface of nutrient agar in Roux flasks and asepticalls 
free from the surface of the agar with 100 ml. of sterile phosphate buffer pH 
0.066 M. The washings were filtered, centrifuged, resuspended in buffer, again centri 
fuged and resuspended in buffer pl 7.0, 0.066 M. The vegetative cells were killed 
by boiling the suspension at 100°C.(212°F.) for one minute, and stored at 2-4°C. 
(35.6-39.2°F.). 

Spore destruction rate tests. The determination of spore destruction rates was made 
in a 1,000-ml. 3-necked distilling flask. A glass stirring rod, enclosed in an 8S inch, 
close fitting, glass tube held in a rubber stopper in the center hole of the distilling 
flask, was employed to agitate the spore suspension vigorously. A thermometer mounted 
in a rubber stopper was placed in one of the side holes. An Escher stopper placed 


in the remaining hole permitted a sample of the heated spore suspension to be with 


"Journal Paper No. 731, Purdue University, Agricultural Experiment Station, La 
fayette, Indiana. 
» Address presented at 13th Annual Meeting of the Institute of Food Teehnologists, 


Boston, Mass., June 23, 1953. 
*The original culture was obtained from Continental Can Company Research Labo 


ratories, Chicago, Illinois. 
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Figure 1. Effect of auxins on survival of spores of Flat Sour No. 787 heated at 


201° F.(93.8 C.). 


TABLE 1 
Effect of auxins on survival of spores of Flat Sour No. 787 heated at 201 F.(93.8 C.) 
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of the diluted auxin 


drawn aseptically at varying time intervals. One hundred mi. 
chamber which was 


adjusted to pH 7.0 were placed in the distilling flask heating 
heated to 201°F.(93.8°C_) + 0.5°F.(0.27°C.) in a water bath. When the temperature 
of the diluted auxin in the heating chamber had reached 2O1L°F.(93.8°C.) (which re 
quired approximately 2 minutes) one ml. of the spore suspension was introduced into 
the chamber. Spore destruction rates were determined by plating one-ml. aliquots 
technique. A 


taken at various time intervals, employing the serial dilution plating 
the 


control of 100 ml. of the same dilution of the auxin inoculated with one ml. of 
spore suspension held at room temperature [77°R.(25°C.) | was employed to aseertain 
the effect of the auxins on the spore suspension without heat. 
control were plated at different time intervals, After a 48 hour period of holding the 
test was carried out to determine 


One-ml. samples of the 


spore and auxin control, a spore destruction rate 
Whether this holding period had affeeted the heat resistance of the spores. 


The synthetic plant auxins employed in this study were beta napithoxyacetie aeid, 
alpha naphthaleneaeetic acid, indol- 3 acetie acid, gamma (Indol-3)-n-butyrie aeid, 2,4,5 
trichlorophenoxyacetic acid, and 2,4 dichlorophenoxyacetie acid. These results are shown 
in Tables | and 2, and graphically in Pigures 1 and 2. 

Experiments were also undertaken to determine the possible mode of action of the 
synthetic plant auxins in lowering the heat resistance of the baeterial spores. Com 
pounds, similar in structure to some of the synthetic auxins but with a known manner 
of action, were employed in this series of tests. Trichloroaecetie aeid, a protein precipi- 
tant, in varying concentrations of 50, 100, and 200 p.p.m, was studied in spore destruc 
tion rate tests. The eompound ochlorobenzoie acid, a surface active eompound, was 
similarly studied. An auxin inhibitor, 2,3,5-triiodobenzoie acid, was studied alone and in 
combination with alpha naphthaleneacetic acid. To test the effeet of varying concen 
0, 100, and 200 p.pan. alpha naphthaleneacetie 


trations of an auxin, coneentrations of 5 
whether the 


acid were employed in routine spore destruction rate tests. Finally, to test 
addition of a sulfhwdryl containing compound might relieve or markedly reduce the 
inhibitory action of the auxins on the growth or germination, 2,3 -dimereapto | propanol 
(BAL) in concentrations of 10¢ M was used in conjunction with both alpha-naphtha 
tests. The coneentration of all the 


leneacetie acid and trichloroacetie acid in spore 
results of varying 


auxins reported here was 200 p.pam. unless otherwise specified. The 


concentrations of trichloroacetic acid may be noted in Table 3 and Figure 3. Table 2 


4 the surface active compound o-chlorobenzoie acid 


and Figure 2 indicate the effect of 


on the heat resistance of the spores of Flat Sour No. 787. Table 2 notes the results of 


2,3,5-triiodobenzoie acid alone and with alpha naphthaleneaeetie acid. ‘The effect of 


varying concentrations of alpha naphthaleneaeetic acid may be seen in Table 4 and 


The effeet of BAL 10 * M in relieving the inhibitory action of alpha naphtha 


Figure 4, 
.* z 
Figure 5. 


leneacetie acid and triehloroacetie aeid is indicated in Table 5 and 

The controls held at room temperature and containing the auxins and spore sus 
pension when plated at varying time intervals indicated little lethal effeet on the spores. 
After 48 hours, a thermal destruction rate test on the resistant spore suspension yielded 
curves not significantly different from those obtained with the same auxins before the 


holding period, 
DISCUSSION 

The results would seem to indicate that dilute coneentrations of syn- 
thetic plant auxins do exhibit a marked reduction in the heat resistance 
of spores of a food spoilage organism. It was postulated that mode of 
action of the auxins might be one of the initiation of spore germination 
which would result in a loss of heat resistance. However, this assumption 
was not borne out by these experiments, and the mechanism of action of 
the auxins on the spores seems to be rather one of combining with various 
essential chemical groups of the spores. Probably the most vulnerable of 
these groups is the sulfhydryl group, whieh appears in many key and 
essential bacterial enzyme systems. The ability of BAL to relieve, to a 
great degree, the eect of both trichloroacetic acid and alpha-naphthelene- 
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Figure 2. Effect of auxins on survival of spores of Flat Sour No. 787 heated at 
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201 F.(93.8 C.) 
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TABLE 2 
Effect of auxins on survival of spores of Flat Sour No. 787 heated at 201°F.(93.8°C.) 


Number of surviving spores/ml 
2,3,5-tn 
iodoben 


Time heated in minutes 2,4 dichlo ? 3,5-tri 2,4,5 tri o chloro zoic acid 
rophenoxy iodoben chloroben benzoie with alpha 
acetic acid zoie acid zoie acid acid naphtha 

leneacetic 
acid 


10,000 13,000 10,000 10,000 10,000 


5,000 2,700 5,000 S000 
4,500 , 

1,100 2 SOO 10 1,500 3,000 

SOO 1,100 13 soo 

60 0 § 0 

10 en 0 ; 0 

3 0 ) ) 

i) 0 9 

0 0 0 
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Figure 3. Effect of varying concentrations of trichloroacetic acid on the survival of 
Flat Sour No. 787 heated at 201 F.(93.8 C.). 


TABLE 3 


Effect of varying concentrations of trichloroacetic acid on spores of Flat Sour No. 787 
heated at 201 F.(93.8 C.) 


Number of surviving spores 
heated in minutes 
00 p.op.m 100 popom 
15.000 16,000 
oO 14.700 


6.700 
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Figure 4. Effect of varying concentrations of alpha naphthaleneacetic acid on 
survival of spores of Flat Sour No. 787 heated at 201 F.(93.8 C.). 


TABLE 4 


Effect of varying concentrations of alpha-naphthaleneacetic acid on the spores 
Flat Sour No. 787 heated at 201° F.(93.8°C.) 


Number of surviving spores/ml 
Time heated in minutes 
200 p.pom 100 p.p.m 50 ppm 
16,000 16.000 16,000 
10,800 11,800 14,000 
4.000 
1500 Poo 4400 
14s 1000 
1 
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of Flat Sour No. 787 heated at 201 F.(93.8 C.). 


TABLE 5 


Relief of growth inhibition of alpha-naphthaleneacetic acid 
with and without BAL 
heated at 201 F.(93.8 C.)* 


Number of Survivin 


Alpha 
naphthalene 
acetic acid 
+ BAL 


Alpha 
naphthalene 
acetic acid 


Time heated in minutes 


16.000 17.000 
1a soo 
O00 14,000 
6.000 
VO 
hoo 

1 


0 


oxee 


40 


IN MINUTES 
Figure 5. Relief of growth inhibition with B.A. L. 10° M. 


on the survival of spores 


and tricholoroacetic acid 


10‘ M on the survival of spores of Flat Sour No. 787 
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+ BAL 


Trichloro 
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acetic acid by reducing the susceptibility of the spores to these compounds 
might indieate that one area or site of action would be the SIL group 

The effect of varying the concentration of alpha-naplithaleneacetic acid 
and trichloroacetic acid is directly proportional to the concentration Used 
Trichloroacetie acid is a known enzyme inhibitor, and it may be that the 
mechanism of the synthetic auxins as well as trichloroacetic acid is one of 
poisoning or denaturation of essential enzyme systems in the resistant 
spores. The facet that enzymes do occur in spores has been demonstrated 
by Stewart and Halvorson (7). 

The effect of o-chlorobenzoic acid, a surface active compound, is quite 
similar to that of the synthetic auxins, and this may indicate a third way 
by which the auxins inhibit the germination of the spores. The effect of 


2.3.5-triiodobenzoic acid, an auxin inhibitor, in’ conjunction with alpha 


naphthaleneacetie acid, a synthetic auxin, (Table 2) is not one of relieving 


the antagonistic action of alpha-naphthaleneacetie acid, but rather one of 
increasing the spore destruction rate. This would indicate that the auxin 
is not acting by stimulating the germination of the spores, but by some 
other means of attack 

Since no significant decrease in total numbers of the surviving spores 
was noted in the controls held at room temperature, it would appear that 
heat Is essential in initiating the action of the diluted synthetic auxins on 
the resistant spores, 

SUMMARY 

Many plant auxins exhibit varving abilities in reducing the heat resist 
ance of bacterial spores. The modes and sites of action of these substances 
were studied and the results discussed. It was observed that the use of 
BAL 104 M resulted in the relief of the effeet of trichloroacetic acid and 
alpha-naphthaleneacetic acid. It was also shown that the effect of trichlo 
roacetic acid and alpha-naphthaleneacetic acid on the heat resistance of 
bacterial spores was directly proportional to the concentrations emploved 
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CHROMATOGRAPHIC ANALYSIS OF ORGANIC ACIDS IN CANNED 
TOMATO JUICE, INCLUDING THE [IDENTIFICATION 
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An analysis of the organic acid constituents of tomato juice was 


prompted by an investigation on the effect of these acids on growth of 


Racillus coagulans var. thermoacidurans, Rice and Pederson (17, 15). 

The oganic acids in tomatoes have been fairly well established. Nelson 
(16) and Borntraeger (7) found citric and mahe acids but no tartaric, 
oxalic, succinie, lactie or isoceitric acid. Tlartmann and Hillig (7) reported 
the presence of OAT. citric acid, and 0.0567 malic acid. More recentls 
Kohman (//) and Andrews and Viser (7) have found oxalic acid at a 
concentration of O01. or less. Bulen ef al. (5), employing a partition 
chromatographie technique, found aconitic, lactic, acetic and formic acids 
in addition to citric and malie acids 

Thus one might expect to encounter these acids in tomate JUee, Hilliv 
(s) and Hillig and Ramsey (9) found 0.0016 to 0.005397 acetic acid and 
0 te 0.0037 lactic acid in tomato juice 

A partition chromatographic procedure was adopted for the analysis 
of the organic acids in the various lots of tomato juice to be used in the 
study of the growth of Bacillus coagulans. This method was selected since 
it would make possible the determination of the acids, both qualitatively 
and quantitatively, from a small amount of sample in a short time and 
with the use of relatively simple apparatus. 

Partition chromatography was developed by Martin and Synge (13). 
It was first employed for the separation of organic acids by Isherwood 
(10), who determined the organic acids in several fruits, including apples 
and strawberries. Marshall et al. (12) employed a similar technique for 
the determination of organie acids in animal tissue. Marvel and Rands 
(14) used this procedure to separate organic acids in a determination of 
the chemical constitution of organic polymers. 

The silicie acid column, as used by Marvel and Rands (74) and Bulen 
et al. (5), was employed for the present determination, with modifications 
in the method of preparation of the sample, the concentration of sulfuric 
acid in the aqueous phase, and the solvent schedule. 


EXPERIMENTAL 


Tomato juice. The lots of tomato juice were obtained from the pilot plant at the 
New York State Agricultural Experiment Station, and from New Jersey, Maryland, 
Indiana, and California.” All lots were processed during the 1950 eanning season and 


were analyzed in the fall of 1952. 


* Journal Paper No. 933, New York State Agricultural Experiment Station, Cornel! 
University, Geneva, New York, 1953. 
"The last 4 lots of juice were obtained through the courtesy of the Continental Can 


Company. 
1o6 
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Procedure. Eleven and one-half ml. of O.IN THLSO,. were mixed with 20 g. of silici 
acid in a mortar. To this powder was added, slowly and with thorough mixing, SO ml 
of dry chloroform to form a slurry A cotton plug was placed in the bottom of the 
chromatographie tube to support the column, The slurry was poured into the chro 
matographie tube through a long stemmed powder funnel The tube was 24 em. long 
and 17 mm, inside diameter and had a solvent reservoir at the top and a stopeoek at 
the bottom. Entrapped air bubbles were coaxed to the surface with a stirring rod, and 
a nitrogen pressure of 20-25 em. of mereury was then used to pack the column, Some 
agitation of the tube was necessary at the beginning to prevent excessive settling of 
the silicie acid on the sides of the solvent reservoir, Additional chioroform was added 
while packing the column to prevent drying and cracking of the surfaes A column 
15 em. in length was obtained by this procedure. 

Preparation of the sample was simplified sinee it was found that an analysis of 
the acids could be made direetly from the tomato jute A definite volume of tomato 
juice was accurately weighed and then seidified to pil 1.0 with a measured volume 
of concentrated sulfurie acid. Standard solutions of the individual acids were prepared 

O.IN H.SO,. Acidification is necessary to insure that the organie acids are present 
in the un-ionized form 

In a small beaker, 0.5 l., of ditied sample or standard solution was mixed 
with 1.5 g. of wie aeid, * iixtu was poured onto the surf: if the column 
through the powder funnel wi li i n chloroform ' id been used 
to rinse the funnel and beat ! N ul bles, the sl was packed 
under a nitrogen 
about lem. at t 


~} ‘, 
OIN TLSOk. 
pauper to re 
solvent was 


Ivent 


When tomato 


ieee j 


eonstituents 
nterference Was 
ive range « 
sample The 
intained by inere 


aleohol was 


RESULTS AND DISCUSSION 
standard solution of each of the acids reported by Bulen ef al. (5) 
be present in tomatoes, 1 eitrie, mahe, laetie, acetie, formie and 
aconitic. Was chromatographed separately to determine the y" ak effluent 
volume of each acid: and the efficieney of recovery. Following these deter 


minations, 2 solutions that in eitrie, male, lactie, acetic and formic 
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acids were prepared and chromatographed. The first solution contained a 
high concentration of each acid in order that the resolution of the acids 
could be observed. The second solution contained each acid in the approxi- 
mate concentration that was found in the tomato by Bulen et al. (5), 
and was chromatographed to give an indication of the type of results that 
might be expected from tomato juice. 
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SOLVENT - PERCENT N-BUTYL ALCOHOL IN CHLOROFORM 


Figure 1. Chromatographic separation of five organic acids, from two standard 
solutions. A high concentration @ and a concentration simulating that reported in tomato 
juice @ were analyzed to determine efficiency of recovery and resolution of the acids 
under different conditions. Aconitic acid & was chromatographed alone, to determine its 
position in relation to lactic acid. The number below each acid indicates the percent 


recovery. 


The results of these two chromatographs, Figure 1, were similar to the 
results of the standard solutions chromatographed separately, and = indi 
cated that good separations of the acids were obtained from both solutions. 
With high concentrations of acetic and formic acids, interference was 
observed in one fraction. However, by collecting 5-ml. fractions at this 


point, a good separation of these acids could be obtained. 
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The curve for aconitic acid, which was chromatographed separately, 
has been superimposed on the graph to indicate its relation to laetie aeid. 
Since no aconitic acid was found in the samples of tomato juice, a further 
separation of these 2 acids was unnecessary. 

The recovery data, presented in Figure 1 as the percentages ahove each 
peak, indicated that the efficiency of the column was 90 to 98). The di 
and tri-carboxylic acids gave the poorest recoveries, 90-95°7, while lactic, 
formic and acetic acids were recovered almost quantitatively, 
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SOLVENT - PERCENT N-BUTYL ALCOHOL IN CHLOROFORM 
Figure 2. Chromatographic separation of acids in C (()) and D (@) tomato juices. 


Nine lots of tomato juice were chromatographed after the preliminary 
analvses had been completed. The graph of © and DID juices, Figure 2, was 
typical of the chromatographs of tomato juice. Citrie acid was the pre 
dominant acid and malice was present in relatively low coneentration. A 
trace of acetic acid was present, but no formic or laetic acid was found 


in these particular samples 





110 ANDREW ©. RICK AND ©. S. PEDERSON 


The large peak between fractions 28 and 32 presented a problem. The 


peak did not correspond to either lactic or aconitie acid and no other acid 


present in high concentration in tomato juice had been reported in the 
literature. The identification of the acid as pyrrolidoneearboxylic acid is 
disenssed in more detail later 

The analyses (Table 1) indicated that citrie, malice, and pyrrolidone- 
carboxylic acids were present in all lots of the tomato juice. Low concen 
trations of acetic and lactic acids were present in several lots, but none of 


TABLE 1 


Chromatographic analysis of organic acids in nine lots of tomato juice, expressed 
as percent by weight of the juice, and percent of acids present 


Malic 


Juice ) , acid 


Indiana 
Marviand 
California 
New Jet 
bh ndA 
lend Es 
ileal 
Blend Dp 
lixpSt 
Average 
Maxi 
Minin 


juices was found to contain measurable amounts of formie or aconitic acid 
The citrie acid content ranged from O.245 to 0.5976, , and averaged O.35606, 
by weight of the juice. This average agreed closely with the average figure 
of O.5476> obtained bry Murdock (7/5), who used a pentabromoace fone pro 
cedure. Pyrrolidonecarboxvlie acid averaged O.1567°, and malie acid aver 
aged 0.0277 in these juiees. In relation to the total acids recovered, citric 
acid accounted for an average of 656, pyrrolidonecarboxylie acid for 306, 
and malice acid for 4.o%, 

Total acid recovered from each juice was greater than the titratable 
acidity. The acids probably were present in the juice partly as the salts, 
and therefore a titration would not indicate the actual total acids present. 

Pyrrolidanccarborylie acid. This acid was identified in the following 
manner. Serum from the tomato juice which contained the highest coneen 
tration of the unknown acid was concentrated under vacuum. The con 
eentrate was chromatographed, and the eluate was collected beginning with 
the second Sm. fraction that contained the acid. The combined fractions 
were evaporated under vacuum, and the acid crystallized when the volume 
had been reduced to about 0.5 ml. The erystals were washed in n-butanol 
chloroform (50-50 mixture) and dried. The corrected microscopic melting 
point was 158-160°C.(3164-520°R.), and it was noted that sublimation 
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began to occur at 136°C.(276.5 F rom a titration of the acid, a neutral 
equivalent of 125 was obtained 

These constants, as well as the chromatographic characteristies, limited 
the number of possibilities. Pyrrolidonecarboxylic acid, which has a melt 
ing point of 1To8°C.(3164° FL) Foreman (6), 162°0.(528.6 °F.) Beilstein 

/), and molecular weight of 129, appeared to be the most likely possibility 

Pyrrolidonecarboxylie acid was syuthesized from glutamic acid by re 
fluxing (Foreman, 6), and was chromatographed. The peak effluent volume 
corresponded to that observed in the tomato juice Pyrrolidonecarboxylhe 
acid was then added to previously analyzed tomato juice and was again 
chromatographed, Only one peak was obtained, which indicated that the 
added acid and that already present in the jJuiee were bemg eluted. to 
gether and hence were probably the same aeid 

To further prove its tdentitv, some of the synthesized pyrrolidone 
carboxylic acid was recrystallized and a mixed melting point was taken 
with erystals of the acid previously obtained from the tomato juice. The 
corrected mixed melting point, 1958-160 °C.( 3164 F with the sublima 
tion beginning at 186°C .( 276.8 Fo) did not differ from the melting point 
of the individual samples, further indicating that they were probably the 
same 

Additional acid was obtained from the tomato serum by chromato 
graphic separation, and a sample of the eryvstals was analyzed for nitro 
vent content Theoretical nitrogen content of ps rrolidonecarboxvilie acid 
is 10.855; Nitrogen content of the acid from tomato jutee was 10.9; 

Pvrrolidonecarboxvlie acid may be formed from either glutamic acid 

vlutamine, according to the following scheme, Foreman (6), Vickery 

al. (19), Wilson and Cannan (20) and Archibald (2) 


CH.—-CH ’ etl 


CH—-COM > CHOON 
1oa'a, on" C | 
NH. Nil | hour To OH Nil, 


Glutamine pl 210 ; Glutanie acid 
+NnH tH 


Pyrrolidones irboxvii aeid 


Synthesis from glutamine occurs under milder conditions than synthesis 
from glutamie acid. Hlowever, since no determination was made of the 
content of either glutamic acid or glutamine in the tomato juice it is not 
possible to indicate the precursor of the pyrrolidonecarboxylie acid in the 
Juice 

Although the pyrrolidonecarboxylie acid represented an average of JOG 
of the total acids of these lots of juice, this was apparently the first indi 
cation of its presence in tomato juice. These juices had been stored in an 
attie store-room that was subject to extreme seasonal variations in tem 
perature and were 2 Vvears old at the time of analysis. Since the analvses 
reported in the literature were generally concerned with fresh fruit or 
juice, the thought occurred that perhaps this acid was not present as 


such in the fresh produet 


“Analyses performed by Drs. Weiler and Strau wd, England 
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To explore this possibility, a comparison was made between freshly 
prepared juice and processed juice. The fresh juice was prepared by 
extracting 10 pounds of ripe tomatoes in a laboratory model tapered 
serew extractor (Chisholm-Ryder, Model IF). The canned juice was ob- 
tained from the same lot of tomatoes, which had been extracted and proc 
essed at 250°R.(121.1°C.) for 0.7 minute, filled into the can at 190°F. 
(87.8°C.) and held for 3 minutes at that temperature. The juices were 
deaerated by vacuum, acidified to pif 1.0 and then chromatographed. 
The results, Figure 8, indicated that no pyrollidonecarboxylie acid was 
present in the fresh juice. After processing, the acid was present to the 
extent of 0.02407. When juice from a 2-vear old sample was ehromato- 


FRESH TOMATO JUICE 
PROCESSED TOMATO JUICE 
2 YEAR-OLD TOMATO JUICE 
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graphed for comparison, ten times as much acid as the newly processed 


Juice was obtained. It would appear that the formation of pyrrolidone- 
carboxylic acid in the juice depends to a large extent on the amount of 
heat applied to the juice, and the length of time that the juice is exposed 
to relatively high temperatures. 

The significance of the formation of pyrrolidonecarboxylie acid in 
tomato juice is rather difficult to assess at the present. Its presence in 
tomato juice indicates a definite change has occurred in the composition 
of that juice. The results would indicate that heat of processing and 
storage influence its formation. Therefore, it could be regarded as one 
end-product of deterioration of the juice Sinee it can be determined 
easily and rapidly, it could conceivably be used as an index of quality 
of the juice. 

A relationship may exist between the formation of this acid and other 
signs of deterioration of the juiee, such as formation of off-flavors, off 
odors, loss of color, and loss of ascorbie acid. Further investigation will 


be necessary to provide the answers to such questions 


SUMMARY 

The organie acids of tomato juice were determined by partition chro- 
matography. The lots of juice analyzed contained citrie acid as the pre- 
dominant acid and malic acid in low concentration. Traces of acetic and 
lactic acids were found in about half of the lots analyzed. No formie or 
aconitic acid was found 

Pyrrolidonecarboxyvlie acid was present in high eoneentration in’ all 
2-vear old tomato juice samples analyzed. None was found in fresh tomato 
juice, however. Its formation was influenced by heat of processing and 
storage. 
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Manuseript reeeived June 24, 145: 


Karly investigations of the tomato juice flat-seuw spoilage probl mn 
with plant surveys and stressed the necessity ot 


were concerned mainly 
Cameron (4,5), 


rigid sanitary control measures to climinate the difficults 
Pearce and Ruyle (10), and Pearce (5,94) The basis for the recom 


mendations made by these investigators Was expressed in the statement 


by Pearce and Ruyle (10), that flat-sour 
constitute a spoilage problem, unless 


organims “are not normally 


present ino sufficient mumbers to 
given opportunity to multiply within the plant 
The importance of thorough sanitary control measures im the cannery 


cannot be over-emphasized Hlowever, recent investigation has indicated 


that under certain conditions, even low concentrations of flat-sour Spores 
may cause spoilage, White (74), in an investigation of flat-sour spoilage 
in tomato juice, observed no build-up of aciduric organisms in the plant 


equipment and found that the spore load of the juice was only 1-3 spores 


per ml. However, the initial pll of the flat-sour spoiled juice averaged 
4.40, whereas the average pH of the juice from other plants ino which no 
10 

Since it would appear that flat-sour spoilage can occur even when 
contamination is slight, the question arises as to how the degree of con 


flat-sour spoilage was observed was below pll 


tamination may affect the ability of the organism to grow and bring about 


spoilage of the Juice. To explore this question, tomato juices of different 


pl levels were inoculated with various concentrations of spores and vege 


tative cells. 
The effect of oxygen on spore germination and vegetative growth of 


Bacillus coagulans has received little attention in the past. Leifson (6) 


studied the effect of low oxygen tensions on growth and spore formation 
of various species of aerobie sporeformers. Hle found that good growth 


without spore formation took place in 2 em. of oxygen, but no growth 


oecurred in the absence of oxygen. 

Sarles and Hammer (72) reported that LB. coagulans grew in canned 
milk, although an analysis of the headspace gas after an incubation period 
of 75 days revealed the absence of oxvgen. B. coaqulans var. thermoacid 
urans was regarded as a facultative anacrobe since it was capable of spore 
germination and vegetative growth in canned tomato juice (2) 

Beeker and Pederson (7) found that the production of carbon dioxid: 


by B. coagulans was related to oxyvyen tension A negligible amount of 


*Journal Paper No. 034, New York State Agricultural Exper 


University, Geneva, New York, 19° 
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carbon dioxide was produced when these organisms were incubated in a 
low-oxygen atmosphere, but a large amount was produced when they were 


incubated in air. 

These observations suggested that oxygen concentration influenced the 
growth of this organism. Therefore, an investigation was initiated to 
determine what effect low oxygen concentrations might have on spore 
germination and vegetative growth of DB. coagulans. 


EXPERIMENTAL 


Cultures. ‘The cultures used in these studies were strains of B. coagulans, var. 
thermoacidurans. All were isolated from flat-sour spoiled tomato juice with the excep 
tion of No. 7050, which was obtained from the American Type Culture Collection as a 
culture of B. coagulans Hammer. The other cultures were obtained as follows: Nos. 
4,450, 821 and C2253 from the National Canners Association, Nos. 710, 711, 712, 713 
and 714 from Continental Can Company, Nos. $2G and 57G from American Can Com 
pany, and Nos. FIT, TJT-4, T-1, 28-8-1, 27-1, 27-2, 27-5 and 27-6 from this laboratory. 

Spore suspensions, Cultures were grown on slants of .01% TGYE agar” in 6-02. 
bottles. The slants were inoculated with 1 ml. of a 24-hour broth culture and were 
incubated for 6 days at 37°C.(98.6°F.). Spores and cells were suspended in 10° mi. 
of sterile distilled water, filtered through multiple layers of cheesecloth to remove 
clumps, and heated in a water bath at 95°C.(203°F.) + 1° for 5 minutes to destroy 
vegetative cells. The concentration of viable spores was determined by plate count, 
using TGOYE agar. 

Vegetative cell suspensions, Cultures were transferred daily, in TGYE broth® for 
at least 5 days prior to use, A 24-hour subeulture in TGYE broth from the fifth trans 
fer was used for the inoculum, after 4 spore stain was examined to check the absence of 
spores, Cell concentration was determined by plate count. 

Procedure. for a study of the effect of spore concentration in the inoculum, tomato 
juice was adjusted to a series of pH levels with NaOH. The juiee was dispensed in 
10 ml, volumes into test tubes and was sterilized by autoclaving at 15 pounds for 10 
minutes, After sterilization, the pH values were 4.18, 4.24, 4.31, 4.37, 4.41 and 4.48. 
A complete pil series was inoculated with each of 5 dilutions of the original spore 
suspension; 10°, 10°, 10°, 10° and 10° dilutions. One ml. of inoculum was pipetted into 
each tube of medium, Tubes were incubated at 37°C.(98.6°F.) for 4 weeks. Growth 
was confirmed by microscopic examination of the juice and by determination of pH, 
using a Beekman pil meter, model G. 

Mor a study of the effect of oxygen on spore germination, a plating technique was 
used. Plates of TGYE agar were poured and allowed to solidify. The agar was inocu 
lated by pipetting 0.1 ml. of spore suspension onto the surface. The plate was gently 
rotated until the inoculum was well distributed. After incubation at 37°C.(98.6°F.) 
for 7 days in the desired oxygen concentration, the extent of germination was deter 
mined by counting the colonies which had developed. These were compared to the 
number of colonies that developed on control plates incubated in air, 

For vegetative growth and spore formation, agar slants were inoculated by streak 
from a vegetative cell suspension, After incubation at 37°C.(98.6°F.) for 14 days 
under the desired oxygen concentration, growth was determined by visual inspection. 
The extent of spore formation was determined by ealeulating the percentage of spores 
in relation to spores plus vegetative cells counted from a spore stain, 

The desiceators used for ineubation of plates and slants were adjusted to known 
concentrations of oxygen by evacuating 4 times and restoring atmospheric pressure 
with nitrogen, whieh was bubbled through alkaline pyrogallol and Feiser’s solution 
(sodium anthroquinone # sulfonate and sodium hydrosulfite in KOH) to remove all 
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traces of oxygen. The desired amount of oxygen was admitted as air and was measured 
by the change of pressure registered on a water manometer which was included in the 
line. Oxygen concentrations of 0, 0.1, 0.5, 1.0 and 10 ml. (mereury) were used 

To study the effect of low concentrations of oxygen on metabolic products of 
B. coagulans, cultures were grown in TGYE broth, and in tomato juice, in Eldredge 
tubes. Known concentrations of barium hydroxide were used to absorb the carbon 
dioxide, The amount of carbon dioxide produced was calculated by titration of barium 
hydroxide with O.IN HoSOw A low oxygen atmosphere was created by including a 
small amount (1-2 ml.) of alkaline pyrogallol on a cotton plug situated in the upper 
portion of the neck of the vessel which contained the cultures. These tubes were ineu 
bated at 37°C.(98.6 F.) for 4 weeks. Acid end products, i.e., lactic and acetic acids, 
were determined by partition chromatographie analysis {Marvel and Rands (7), Bulen 
et al. (3))|. Glucose was determined by the Somogyi Shaffer Hartmann method {Sum 


ner and Somers 
RESULTS AND DISCUSSION 


Inoculation of the series of tomato juices with various dilutions of a 


spore suspension of B. coagulans, strain No, 710, resulted in the growth 
pattern presented in Table 1. This pattern was typical of that produced 


by the other cultures employed. 


TABLE 1 


Effect of spore concentration on the minimum pH value at which spores of 
Bacillus coagulans, strain No. 710, germinated and grew in tomato juice. 


Tomato j al pll of tomato juice (incubated 4 weeks 


Spores per ml, of inoculum 


4.46 
Broth control On 1.16 t.4 


*Lowest pH at which growth occurred is underlined 


f Microscopic examination 
+ typical rods present 
typical rods absent 

The minimum pil at which growth was able to occur was dependent 
on the concentration of spores in the inoculum. At a concentration of 
65 million spores per ml. the culture was able to grow at pHL 4.24. How 
ever, as the concentration was decreased to 650 spores per ml. the minimum 
pli that would permit growth was raised to pH 4.41. 

A summary of the results of all cultures employed is presented in 
Table 2. In general, as the concentration of spores in the inoculum was 
reduced, the culture required a more favorable pli for growth. Culture 
No. 4 was able to initiate growth at pH 4.31 when the spore suspension 
was undiluted, but was unable to grow at pH 4.46 when the inoculum was 
reduced to 140 spores per ml. Culture No. 43P, present in a concentration 
of 22 million spores per ml. grew at pIf 4.19, but at a concentration of 
2? spores per ml. was unable to grow below pH 4.37 
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A comparison of the cultures in regard to the lowest pI at which each 


could initiate growth at a spore concentration of 20 or less per ml. of inoe 
ulum showed that of the 20 cultures, only 2, Nos. 821 and 7G, were able 
to grow at a pil of 4.31 or lower. At concentrations of 20 to 30 spores per 


ml. cultures Nos. 713, 714 and C2253 were capable of growth at pH 4.51 
| J 


TABLE 2 
Effect of spore concentration on the minimum pH values at which twenty strains of 
Bacillus coagulans germinated and grew in tomato juice 


Minimum pH*® at which growth 
Original ‘nimUuM fF “ “<a @ 
BRUBpPensio?: 
f ug Dilution factor of original suspe 
spores/ml 
(millions) n 102 


Culture number 


140.00 
ona 
OH5.00 
m™ OO 
yon 
"ooo 
11.00 
yO 
£00 
ooo 
OPg 
0.23 
0.21 
O19 
0.08 
eG OO 
ADELE) 
15.00 
3.7 
ot OOS $46 


epli of the tomato juice before incubation 
®©No growth in highest pH juice used 


The acid tolerance of these cultures can be seen to vary greatly. For 
example, culture No. 57G, with 260,000 spores per mi., was able to grow 
at pll 4.19, whereas culture No. 4, with 140 million spores per ml, was 
unable te grow below pH 4.31. Obviously, contamination of a juice dine 
with one of the more acid resistant strains of LD. coagulans would result 
in much higher losses from flat-sour spoilage than if a less acid resistant 
strain were involved. 

The effeet of successive dilutions of vegetative cell suspensions was 
similar to that observed with the spores. In a comparison of the acid 
tolerance of vegetative cells and spores, Table 3, it 
difference existed in the minimum pHf at which each was able to initiate 
The difference in the minimum plf that would support growth 
It would appear 


was found that little 


growth. 
of vegetative cells, and spores, was 0.05 pI unit or less. 
from this that where the concentration of a suspension of vegetative cells 
and a suspension of spores of a given culture are equal and the spore sus 
pension has been subjected to a minimum heat treatment for destruction 
of vegetative cells, the spores are as acid tolerant as the vegetative cells 
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The significance of this observation lies inthe fact that a minimum heat 
treatment of tomato juice may kill the vegetative cells, but if there are 
significant numbers of spores present, these will tend to have an acid tol 


erance comparable to the veyvetative cells A juice of pil £30, or even 
£25, under these conditions, could not necessarily be inhibitory to growth 
of B. coaqulans 
TABLE 3 
Comparison of minimum pH values at which equivalent concentrations of spores 
and vegetative cells of Bacillus coagulans initiated growth in tomato juice 


Pederson and Becker (JI) reveal il the effect of heat. at ZOO Ie 3.05 ¢ 
for periods up to SO minutes, on spores when subcultured into tomato putes 
As the a riod of heating was prolonged the piiiiniiim pil of ftotatoa pittee 
the subeultures were able to grow became higher and highe 
After hei gy only one culture was able to gre ina pl 
below The pattern of the effec f Spore concentration tn the piocubinn 
lew i it th rridedentiin 


mybooas 


rrowthy ea meen Ines. ‘The minimum pit at 


mA clepenads We 


neentration Ob span 
tolerance of the dudividual culture. Powever 


when the spore concentri oan meculim 


two cultures were able to grow at pil 431 or lower 
These results have indicated that growth of Bo coagulans in tomato 


juice can be inhibited by control of two factors, spore concentration and 
pil of the jute A low concentration of spores and a pil of tomato jutee 
of pil 4.30, or lower, resulted in inhibition of growth with about 907° of 


the cultures employed. It would appear that careful control of these 2 


factors In a cannery would greatly enhance the possibility of climinating 
the flat-sour spollage problem 

Oxygen concentration. [Pifferences in oxygen concentration were found 
to have little effect on spore germination of strains of 2B. coagulans on agar 
media, Table 4. Nearly 10067 germination oceurred ino concentrations as 
low as O.2 mm. (mercury) of oxygen. However, in the complete absenes 
of oxygen, germination did not take place. To indicate that the process 
of germination had not taken place to any appreciable extent with the 
spores incubated in the absence of oxygen, the plates were heated in flow 
ing steam for seven minutes, after completion of the Initial incubation 
period, and were incubated at 37°C (98.6°R.) in air for 96° hour As 
shown in the last column, Table 4, a high percentage of colonies developed 
This indicated that most of the spores had net begun to germinate and 


were not vulnerable to destruction by the subsequent heat treatment 
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Vegetative growth and spore formation occurred in oxygen concentra- 
tions of 1.0, 0.5 and 0.1 mm. (mereury). However, no growth or spore 
formation occurred in the absence of oxygen. That the vegetative cells 
remained viable after 7 days in an anaerobic atmosphere was indicated 
by the presence of growth following subsequent incubation of the slants 
in air for 48% hours. The per cent sporulation varied considerably among 
the different cultures and exhibited no definite trend as the oxygen con- 
centration was reduced, other than the facet that no sporulation occurred 
in the absence of oxygen. If a zone exists wherein growth but no spore 
formation occurs, it must lie between 0.1 mm. and zero oxygen, for strains 
of B. coagulans. 

TABLE 4 

Spore germination of Bacillus coagulans, on agar media, under reduced oxygen 

concentrations, as evidenced by colony formation 


Colonies that developed under low oxygen, as per cent 
of colonies that developed in air 


Culture 
Reinocu 


Oo 5 mm 
, lated} 


1.0 mm O.1 mm 0.0 mm 
o oO 0 


‘ ‘ ‘ ‘ 
‘ ‘ ‘ ‘ 
wt 36 $4 100 
100 


}ao 


100 7) 100 
100 
so* 0 an 


1a 10 
100 


100 100 100 3 


(2253 3 0) 29 0) 
I Heated in flowing steam for 7 minutes after incubation under O-O., then re incubated in air 
* Minimum figure, since plates of highest dilution were too crowded to count 


TABLE 5 


Carbon dioxide and acid end-products of glucose metabolism by strains of 
Bacillus coagulans, for 100 ml. of broth 


Carbon 


Culture 
number 


‘mM 


Aer. 


Atmos 
phere 


Growth 


es 


: ed 


Nniner 
Niner 


4.14 


poo 


Ner 


millimoles 


Lactic 
acid 


utilized 


mM 


| 
mM! | mg 


2.4 


ew 


‘ 
Oso Is4 


OSS | TSO 


6.45 | 146 | 1.62 


nu | 4 1a 


Carbon 
dioxide 


Acetic 
acid 


| recov 
ery 
mM mM 


al 


1.05 
21 


Determination of carbon dioxide and acid end-products of glucose me 
tabolism, Table 5, indicated that when incubated under partial anaerobic 
conditions, strains of B. coagulans converted glucose almost wholly to laetie 
the same strains produced carbon dioxide, acetic acid and 
incubated under 
incubation 


acid. However, 
laetie acid, heavier growth, when 


under aerobie 


as a much 
aerobie conditions. The low 
undoubtedly reflects the increased amount of carbon utilized for cellular 
material, as well as the production of other end products such as alcohol 
and acetyImethylearbinol, which are known to be produced but were not 
determined in this study. Cultures grown in tomato juiee behaved in a 
Lactic acid was produced under a low-oxygen atmos 


as well 


carbon recovery 


similar manner 
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phere, and carbon dioxide, acetic acid and lactic acid under an aerobic 
atmosphere. 

In terms of the 2 types of lactic acid fermentation, B. coagulans pro 
duces a homofermentative type of fermentation under anaerobic conditions 
and a heterofermentative type of fermentation under aerobic conditions. 


TOMATO JUICE - pH 428 


@ CULTURE 43P 
O CULTURE C2253 


vo & ¥Y aAw@®oOo 


” 
Q 
z 
< 
vn 
> 
Oo 
I 
a 
| 
4 
uJ 
E 
= 
J 
a 
2 
« 
ud) 
a 
Yn 
uJ 
a 
O 
a 
7 


.. ¢ @ 6 @ 6 © 
DAYS - INCUBATED AT 37C 


Figure 1. Decrease in spore count during incubation of tomato juice of pH 4.28, 
inoculated with spores of Bacillus coagulans No. 43P and No. C2253. 


In relation to flat-sour spoilage, it would appear that oxygen does not 
become a critical factor in governing spoilage, as does pil. Analyses™ have 
indicated that oxvgen is present to the extent of lL to 7% of the head-space 
gas in canned tomato juice. In terms of actual amounts of oxygen, there 
was approximately 0.2 mgm. of oxygen in the desiccator at the lowest 
oxygen level, and there was about 0.1 mgm. of oxygen in the can head 
space. However, in addition to the head-space oxygen in the can, there 
was also a small amount of oxvgen dissolved in the tomato juice, which 
would be more readily accessible to the organism than oxygen dissolved 


Ina solid medium such as agai 


™ Personal communications from Continental Can Co. and Linde Air VProduets Co 
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It was further found that after 7o days of storage, the head-space gas 
of canned tomato juice was reduced but still contained as much as 1% 
oxygen. Ordinarily, this period of time would be sufficiently long for ger- 
mination of flat-sour spores to take place, provided the temperature of 
the juice was slightly above room temperature, as is illustrated in’ Figure 
1 After 7 days, the spore count of culture No. 43P had deereased from 
120,000 to 13,000 per ml. and spoilage had commenced, as evidenced by 
reduetion of pif to 4.00 and the presence of typical rods in the juice. 
Similarly, the spore count of eulture No. ©2253 was decreased, and evi 
dence of spoilage by typical rods but without change in pIl was noted 
after 12 days. 

It is conceivable that the oxygen concentration within the can could 
be reduced to a level that would no longer support the growth of B. coagu- 
laus. This could perhaps be done by closing the eans under nitrogen, 
However, it would be essential to establish the absolute limits of oxygen 
tension for this organism in tomato jutee, after which it could be deter 
mined whether such an oxveen tension could be economically established 
within the ean 

SUMMARY 

An investigation of the effeet of spore concentration ino the imoeuhium 
on growth of B. coaqgulans in tomato jutee has indicated that as the spore 
concentration is reduced, the minimum pil of tomato juice at whieh growth 
Cab OCCUP Pises It was not possible to indicate the absolute moumimiiim pil 
at which a given concentration of spores would show wrowth, since the acid 
tolerance varied for each strain of BL coaqulans emploved. Tlowever, at a 
spore concentration of 2O or less per mb of moculum, only 2 cultures, of 
?O used, were able to grow at pH) 4.51 or lower 

Kor a given coneentration of cells, a spore suspension whieh had re 
ceived a minimum heat treatment exhibited a tolerance to acid comparable 
fo a suspension of vegetative cells of the same culture 

Spore germination, vegetative growth and spore formation of strains 
of B. coagulans occurred in oxygen concentrations as low as Oo mim. (mer 
eurv), on agar media, However, in the absenee of oxveen, some of these 
cellular funetions oecurred 

An analysis was made of carbon dioxide and acid end-products of elu 
cose metabolism by strains of Bo coagulans when incubated in air, and ina 
partial anaerobie atmosphere. The organisms were found to produce a 
homofermentative lactic acid fermentation under partial anaerobic condi 
tions, and a heterofermentative lactie acid) fermentation under aerobic 
conditions 
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Tomato juice has been reported to be a poor medium for growth of 
Bacillus coagulans (Stern et al., 19). However, under certain conditions 
this organism is able to grow in canned tomato juice and in so doing 
produces a flat-sour type of spoilage. Since tomato juice is an unfavor- 
able medium for Bacillus coagulans var. thermoacidurans, one might expect 
that minor differences in a particular variable would exert a considerable 
effect on growth of the organism in the juice. 

Such has been found to be the case where differences in variables con- 
cerned with the inoculum have been studied. Pederson and Becker (15) 
indicated that growth of spores of B. coagulans could be inhibited at a 
given pil by increasing the length of time a spore suspension was heated, 
prior to inoculation. Rice and Pederson (17) have shown that growth 
could be inhibited at various pII levels in tomato juice by decreasing the 
concentration of spores in the inoeulum. 

These results suggested that differences in variables connected with 
the juice, such as the various acidic constituents, e.g., pH, titratable acid- 
itv, buffer capacity, total acidity and individual organie acids, might also 
exhibit a similar tendency to influence growth of B. coagulans in the juice. 
In that event, it might be possible to prediet the probability of spoilage in 
a given pack on the basis of an analysis of the various acidie components 
of the juice, and a determination of the spore concentration in the juice 
The present study was in part designed to explore this possibility. 

The organic acids of tomatoes have been reported by various authors 
and include largely citric and malice acids, with very small amounts of 
acetic, lactie and oxalie acids |Nelson (73), Borntraeger (3), Hartmann 
and Hilhig (7), Kohman (9), Hillig and Ramsey (4), Andrews and Viser 
(1) and Bulen ef al. (4)|. The inhibitory effect of these acids has been 
determined for different species of bacteria, and in several types of me 
dia-—-with considerable difference in the order as well as the extent of 
inhibitory activity —by Eisenberg (5), Bach (2), Reid (16), Nunheimer 
and Fabian (77), Levine and Fellers (70), and Erickson and Fabian (6). 

Murdock (7/2) determined the inhibitory activity of citrie and malic 
acids for germination of spores of Bo coagulans on tryptone-dextrose agar 
The results indicated that at a pIL of 5.0, 0.90°7 citric acid was insufficient 
to inhibit germination, but at a pll of 4.8, 0.2607 of citrie acid inhibited 
germination. Malic acid was inhibitory when present to the extent of 
O21; at pil 44. Hewever, Murdock found, in a series of analyses of 
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tomato juice, that the average citric acid concentzation was 347%. It 
Was apparent that the citric acid exhibited a greater inhibitory effeet in 
a simple laboratory medium than it does in tomato juice. 


The organic acids of each lot of tomato juice used were analyzed by 
partition chromatography (Rice and Pederson, 75) in order to permit a 
study of growth in relation to the acid content of the juice. In addition, 
eight organic acids, including citrie acid, were added to tomato juice to 
determine inhibitory activity when present in the juice, and to permit a 


comparison of the relative inhibitory activity of the different acids. 


EXPERIMENTAL 


Cultures. The cultures used in these studies were 


strains of B, coagulans var 
thermoacidurans. 


All were isolated from flat sour spoiled tomato juice and were ob 
tained as follows: 432, National Canners’ Association; 
pany; and FIT, from this laboratory. 


Spore suspensions. Cultures were grown on slants of .01% TGYE agar” in 6-07 


No. 711, Continental Can Com 


bottles. The slants were inoculated with one ml. of a 24 hour broth 


eulture and were 
incubated 6 days at 37°C.(9S.6° FL). Spore 


stains indicated that S80 90° sporulation 
The cells were suspended in 10 ml, of 0.906 saline 
and were filtered through multiple layers of sterile cheesecloth to remove clumps. ‘To 
destroy vegetative eells, the suspensions were heated at 95°C.(203°F.) + 1° for 
minutes in a water bath. 


had oecurred on most of the slants. 


r 
a) 


All spore suspensions were plated in TGYE agar® to 


determine the approximate 
concentration of viable spores. 


When used as inocula, portions of these stock suspensions 
were diluted in sterile distilled water to give approximate final concentrations of one 
million (10°) and one thousand (10°) spores per ml. Stock 
7 (.(44.6°F 

One ml. of spore suspension was used as the standard volume of inoculum per tule 
All inoculations were made by pipette. 

Tomato juice. The lots of tomato juice used in these studies . 
basis of differences of pil, titratable acid ty buffer 


suspensions were stored at 


were selected on the 
capacity and total aeid hie pil 


wd titratable acidity were determined by measurement of the hydrogen ion concentra 


on with a Beekman pll meter, model G Buffer curves were 
titration data. Analysis of the juices for 


’ 


constructed from the 
organie acids was made by partition ehro 


matographs Riee and Pederson, Potal acid represented the sum of the aeid 


determined by chromatography 
Procedure. For all studies, 10 ml. of tomato juiee were dispensed per tube The 


juice was sterilized for 10 minutes at 15 pounds in the autoclave After inoculation 
the tubes were ineubated for 4 weeks at 37 CL.(9s.6 F Girowth was determined bys 
change in pil and by microscopie examination of the juies 
Phe effeet of pH, titratable acidity, and buffering capacity on the germination and 
yrowth of spores was studied in 2 series of tomato juices. In the first, the juices were 
md justed In the second, the juices were adjusted to a series of pill values witt 

e NaOH or HC] prior to sterilization. Although the pl was altered slightly b 


wlaving, the regularity of the interval was maintained, and sinee continuity of the 
erval was more important than a specitic pH, no further attempt was made to 


ist the juiee after sterilization. 

lo determine the inhibitory effect of citric acid, the natural citrate concentration, 
which was between O.3 and juices sed was supplemented | additiona 
citrate to produce lev ‘ 4, , Oe ‘ ital 


sediu 


citrate in the juies The citrate 


citrate evel 


Station and from Con 
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divided and adjusted to 4 pil levels, * 230, 4.40 and 4.50 with OLN NaOH and 
O.48N FTC) 

A comparison was made, on a molar bas of the inhibitory activity of 7 organie 
acids malic, lactie, oxalie, formic, acetic, propionic, and pyrrolidonecarboxy lie —when 
present in tomato juice, The molar concentrations used were .O104M, 208M, .O3125M 
and .0O4160M. Malie and pyrrolidonecarboxylie were the only acids of this group found 
in appreciable quantity in these juices. This was taken into consideration when the 
various concentrations of each were prepared. The juice at acid concentration was 


adjusted to 2 pil levels, 4.50 and 4.40. These were imoculat } “and 10° spore 


concentrations, respectively, 


In enaeh sertes of inoculated tubes, one set of uninoculated jutees is included te 


serve as a control of the medium A tube of TGYE broth was inoculated to serve as a 


control of the viability of the inoeulum., 


RESULTS 


Acidic constituents of tomato juice. The relationship between growth of B. eoaqu 
fans in tomato juice and the acidie constituents, Table 1, was determined in a series of 
unadjusted tomato juices in whieh the pill ranged from 4.10 to 4.32, A eomparison ot 
growth with pil indicated that with but one exception, the descending order of yp Wiis 
paralleled by the descending sequence of the number of inoculations that grey 
juice. Tt would appear that the ability of BL coagulans to initiate growth in te 
is related primarily to the pl 

Little correlation was observed between yvrowth and the other acidie « 
of the unadjusted juices In Boju ce, Which had high values for titratable ac 
acid and each of the individual aeids, 14 inseulations were able to gre 
which had the lowest values for total and ti able acid and low 
tions were able row, 


n these ju 


vidual acids, only 4 inocula 


The presence of pyrrolidonecarboxy tie 
and Pederson, /S), although little relationship was found between 
which it was present and growth of these cultures, 

In regard to buffer enpaecity, Figure | reveals that Indiana jute 


fered, Ao juice had an intermediate buffer capacity, and DD juice was) mos 
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Figure 1. Titration curves of eight lots of tomato juice, showing the variation of 
buffer capacity among the samples. 





buffered Table \ mat only 3&3 tubes exhibited growth in Indiana 


juice, nome uice, and 16 jules It would appear that no regular pattern of 


these lots of jutec Pherefore 


titratable acidity, buffer 


prowth 1 relation to buffer macity, existed among 
n this series of unadjusted juices in which pli, total and 
capacity, and individual organie ae ids differed as to amount or extent, the results 

tor of that exerted the greatest intluence 


indicated that pHl was the acidie factor of the 


rrowth of BR. coaqulans 


on xg 


TABLE 1 


Relationship of the acidic constituents of unadjusted tomato juice to the number 
of spore inoculations which showed growth 
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Figure 2. Eftect of increasing concentrations of citrate in tomato juice on minimum 
pH at which spore germination and growth occurred, of Bacillus coagulans, strain No 
43P. Hydrogen ion concentration, at each citrate level in each juice, was adjusted to 


pH 4.23, 4.30, 4.40 and 4.50 with NaOH and HCl. 
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To determine the effeet of total and titratable acidity on growth, when pH of the 
juice was not a variable, 4 different juiees were adjusted to a similar series of pH 
levels, and were inoculated with 2 concentrations of spore suspensions. The results 
were analyzed on the basis of the minimum pH at which growth occurred in each juice. 
A summary of the results, Table 2, indicated that B juice, which had the highest 
values for total and titratable acidity, was the most inhibitory toward growth of 


TABLE 2 
Minimum pH at which growth of Bacillus coagulans occurred in tomato juice 
with different total and titratable acidity 


Lowest pH at which growth occurred 


. and next lower pH of series (—) 
Spo on 


Culture 
number mi. of ‘ f Ib 
inoculum 


711 aD 
RIT la 
a i 1 


711 10° 35 33 
IT 10° 2 £.23 
mp 10" 1.23 ' 

*No growth in highest pH juice used 

Highest minimum pil of growth for each culture 


pH 


1ON CONCENTRATION 


SPORES PER mi, 
OF INOCULUM 10 io* 


CAL JUICE @ 
« o- 


HYDROGEN 


ioe : 
jo 


420. N ! I 
PERCENT CITRIC ACID IN JUICE 
Figure 3. Effect of increasing concentrations of citrate in tomato juice on minimum 
pH at which spore germination and growth occurred, of Bacillus coagulans, strain No. 
711. Hydrogen ion concentration, at each citrate level in each juice, was adjusted to 
pH 4.23, 4.30, 4.40 and 4.50 with NaOH and HCl. 
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B. coagulans. With 4 of the 6 inoculations, the highest minimum pli at which growth 
occurred was observed in the D juice. Ip the ease of eulture 431-10° the highest mini 
mum pil was duplicated in Indiana and DD juices. 

No consistent difference was found in the tolerance of these cultures to the 3 
It would appear that only in juiees with high total and titratable 


juices other than D. 
an inereased inhibitory 


acidity, above 0.6 and O.4%¢, re Spective ly, does the Juice retlect 
activity toward growth of these organisms. 

Citric acid, and other organic acids. The effect of additional citrate in tomato juice 
on the minimum pH at which strains of B. coagulans were able to germinate and grow 
is revealed in Figures 2, 3 and 4. The data indicated that as the concentration of 

the minimum pli at whieh growth was able to 


For the 10° spore eoneentration the minimum 


citrate was inereased from 0.4 to OS 
occur was raised from .1 to .2 pH unit. 
pH was raised from about 4.23 to 4.40 except for culture No, 711, With the 10° spore 
concentration the minimum plIl at whieh growth oecurred was raised from 4.40 to 4.50 
Only with the 10° concentration of No. 711 did O.8% citrate in the juiee inhibit germi 


nation and growth at pH 4.50 
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Figure 4. Effect of increasing concentrations of citrate in tomato juice on minimum 
pH at which spore germination and growth occurred, of Bacillus coagulans, strain FIT 
Hydrogen ion concentration, at each citrate level in each juice, was adjusted to pH 
4.23, 4.30, 4.40 and 4.50 with NaOH and HCl 
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oO 


The pattern of inhibition appar ntly depended on the particular culture The 
from 0.6 to OSC citrate for cultures 43P and 711, 


greatest inhibition was observed 
Vo citrate This 


but for culture FIT the greatest inhibition was observed from 0.4 to 0 
difference in behavior is probably indicative of a eultural variation in tolerance to 
citrate, similar to cultural variation in tolerance to aeidity or pl, which was observed 
previously (Rice and Pederson, 17) 

The use of 2 concentrations of inoculum resulted in 2 sets of curves for cultures 
43P and FIT, which differed consistently by .1 to 2 pH unit. Although the inhibitory 
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activity of the citrate is not actually enhanced, the apparent inereased inhibitory 
effect that resulted from the low inoculum could have great significance in terms of 
control of flat-sour spoilage. 

A comparison of the relative inhibitory activity of several organie acids for 
growth of B. coagulans in tomato juice, Table 3, indicated the following decreasing 
order of activity: oxalic, formic, lactic, malic, eitric, pyrrolidoneearboxylic, propionic 


and acetic. The first three acids, oxalie, formic and laetic, in .C1M concentration, were 


TABLE 3 


Comparative inhibitory activity of eight organic acids on growth 
of Bacillus coagulans in tomato juice 


Molarity in tomato Tubes showing growth 


Organic acid uice total of 16) 


Oxalhie 0 
(} 


Formie 
Lactic 


Malic 


Pyrrolidon 
carboxylic 


Propionic 


042 


slightly more inhibitory than the other five acids in .042M concentration. This would 
indieate that the first 3 acids are at least 4 times as effective as the others. If 
normality, rather than molarity, were used as the basis of eomparison, malic and eitric 
acids would appear to be least effective, and formic and lactic acids would probably 


be nearly as effective as oxalie acid. 


: DISCUSSION 


Of the acidie constituents that might contribute to the natural inhibi 
tory activity of tomato juice toward growth of 2B. coagulans, the pll was 
observed to be the most significant factor. When the hydrogen ion eon- 
centration of the different lots of juice was equalized, by adjusting each 
juice to the same pl vahies, it was observed that a somewhat greater 
inhibitory activity was exerted by the juice which had a high total and 


titratable acidity Hlowever, there was little relationship between the ex- 





tent to which growth occurred and the natural coneentrations of citric, 


malic or pyrrolidonecarboxylic acid present in 3 lots of juice 
it is evident that a close check of the pil 


In terms of flat-sour spoilage, 
It should be emphasized that it ds 


of the tomato juice would be of value 
difficult to indicate a definite pil for tomato juice whieh would) insure 


elimination of flat-sour spoilage. Such factors as the amount of contami 


nation, the acid tolerance of the particular culture, and the extent to which 
the spores have been heated all influence the minimum pil at which growth 
may occur Pederson and Becker (75), Riee and Pederson (17) llow 
ever, the results have indicated that when other factors are controlled 
pH does exhibit inhibitory influence toward the growth of Bo coaqulans 


in tomato juice 

In the light of the pronounced inhibitory: activity of citrate 
the somewhat slight inhibitors 
In 


in habe 


ratory media observed by Murdock (7/2), 
effect of additional citric acid in tomato juice is somewhat surprising 
the complex medium of tomato juice the inhibitory activity of the citrate 
was greatly diminished. Even at pil 4.50, O.8¢, citrate in the tomate 
juice was inhibitory for only one culture, with the lowest) concentration 


of inocula used. As Murdock suggested, it would appear that either thers 


may be stimulatory substances for spore germination and growth of BL co 
juice, which enables the organism to tolerate a 


agulans in the tomato 
the juice 


highe: concentration of the citrate, or there may be factors in 
Which tend to decrease the bacteriostatic effect of the citrate 

An important fact revealed by the data was that the addition of citrate 
The 


would not necessarily inhibit growth of B. coagulans in tomato juice 


efficacy of additional citrate depended toa vreat extent on the pil obtained 
The addition of 


and on the amount of contamination present in the juice. 
0.064 and 0.12847 citrie acid would lower the pill of the average tomato 
juice approximately 10 and .20 pit unit, respectively. The effectiveness 
of these amounts for inhibition of growth of flat-sours would depend upon 
the original pH of the tomato juice as well as the spore concentration i 
the juice, 

The results of the inhibitory activity of the & organic acids indicated 
that certain acids, ie., oxalie, formic and lactic acids, were more effective 
than was citric acid, for growth of BR coagulans 


as inhibitory agents 
(6) also found that with cultures of B. coaqulans, 


Erickson and Fabian 
lactic acid was more inhibitors 
Numerous other studies of the inhibitory activity 


than citric acid, when compared on the 


basis of concentration 
of the organic acids have been made, but other procedures and different 


test organisms have generally been employed ; hence a comparison of re 


sults would tend to be misleading 

Pyrrolidonecarboxylic acid: most nearly approached malice and citric 
acids in its inhibitory activity. It differed from the other acids in that 
an increase in concentration did not result in a greater inhibitory activity 
Perhaps the fact that pyrrolidonecarboxyvlie acid is a nitrogen-containing 


carboxs lie acid, whereas the other acids emploved do not contain nitroven. 
may have some connection with this apparent difference in behavior. 
It has been found that the order of inhib tor activity of these organie 


] } 
oagilans bears a relation to the lonization constants of the 
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acids. Those with the highest ionization conustants——-oxalic, formie and 
lactic exerted the greatest inhibitory activity; acetic acid, with the low- 
est jonization constant, was least inhibitory. It would appear that the 
anion was the effective part of the molecule, since the anion would be 
present in highest concentration of those acids with the highest ionization 
constants. However, Wyss (20) and others | Reid (/6), Bach (2), Levine 
and Fellers (10, 11) and Nunheimer and Fabian (14)| have indicated 
that the undissociated acid molecule is the active inhibitory form of the 
acid inhibitors. The inactivity of the ionic form, according to Wyss, can 
be explained on the basis of the differential permeability of the cell wall, 
since the molecular forms of many compounds pass through the cell mem- 
brane more readily than the ions. It would seem, therefore, that the rela- 
tionship of ionization constant to inhibitory activity observed in the pres- 
ent study must be the result of an effeet produced by the undissociated 
acid molecule after it has gained entrance into the bacterial cell, rather 
than the result of an inereased concentration of anions in the medium, 


SUMMARY 


A study of the inhibitory influence of acidie constituents of tomato 
juice, i.e. pil, total and titratable acidity, buffer capacity, and individual 
organi¢ acids, on growth of LB. coagulans indicated that pil exerted the 
greatest activity. When pl was not a variable, it was found that a slightls 
greater inhibitory activity was exhibited by a juice with the higher values 
for total and titratable acidity. 

The inhibitory activity of citrate incorporated in tomato juice was 
found to be low when pil was held constant. Cultures were able to grow 
in OS citrate, at a pil of 440, when spores were present in high concen 
tration. When the inoculum contained a low concentration of spores, 2 of 
the 3 cultures emploved were able to grow in O.S) citrate at pil 4.50 

A comparison of the inhibitory activity of citric and 7 other organic 
acids revealed that oxalie, formic and lactie acids were approximately 4 
times more effective than malie, citrie, pyrrolidonecarboxvlic, propionie 
and acetic acids, for growth of B. coagulans in tomato juice. 
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PANTOTHENIC ACID, FOLIC ACTD, BIOTIN AND NIACIN 
CONTENTS OF GERMINATED PULSES 
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AN SUKHAMAY LAHIRI 
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Manuscript received June 30, 195% 
Vitamin contents of germinated pulses*® were estimated by several work- 


ers. Katzkin, Norris and Wokes (10) reported an inerease in the miacin 
content of soya bean, mung bean, lima bean, garden pea and green eye 


pea during the early stage of germination. Burkholder and McVeigh (2) 


estimated thiamine, riboflavin, pyridoxin, niacin, inositol, pantothenic acid, 
folie acid, biotin and ascorbic acid in mature and sprouted seeds of Pisum 
sativum, Phaseolus aureus and 7 varieties of Sojar mar. Niacin, riboflavin 
and ascorbic acid values iInereased greatly during germination, While pyri- 
doxin, pantothenic acid, inositol and biotin values showed only a slight 
Increase, thiamine value generally remained unchanged and folic acid: value 
decreased in the germinated seeds. Cailleau, Levy, Terroine, Adrain and 
Jaequot (9) observed that in pea on the fourth day of germination while 
riboflavin value increased by 90°, and niacin by 4067, the pantothenic 
acid value fell to half its original content. French, Berryman, Goorls 
Harper, Harkness and Thacker (4) reported that during the process of 
yermination thiamine content of peas and cotton seeds imereased while 
that of lima bean was found to decrease. Nandi and Banerjee (17, 72, 
13) observed that the germinated pulses contained increased amounts of 
ascorbie acid, miacin and riboflavin, Chattopadhyay, Nandi and Banerjee 
(7) reported increased thiamine content of germinated pulses. Chattopad 
hvay and Banerjee (4,5, 6) showed that carotene, choline and tocopherol 
contents of pulses were inereased during germination. In the present 
Investigation folie acid, pantothenie acid, biotin and niacin contents of 
different pulses were estimated microbiologically both before and for vary 


Ing periods affer germination 


EXPERIMENTAL 


About Toy. of healthy dry seeds of pulses was taken in petri dishes, 2. ml. of water 
were added daily and the dishes were kept away from the direct sunlight at room 
temperature CSO ¢ Different vitamins were estimated in the unverminated seeds and 
in seeds germinated for 2 days and 4 days, and the vitamin values were expressed in 
terms of the oriyvinal weight of the seeds before germination 

Estimation of folic acid. Powdered ungerminated seeds and 
iS and YS hours were erushed in a glass mortar with 10 ml 
of O.UM aeetate buffer of pil 4.5 were added. Two ml. 
ings the onzvone 4. prepared according to 
Vanderbelt i‘ "fi fT ave , Were added to cach sample. er e ndditior 
the ks were hep n the inenbator at r >» hours Dh 

th N sodium hwdr ie Sample 


The vol 


toluol 


COTMIMOUES 


minated 


‘ 
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blank from the value obtained. The 
Estimation of pantothenic acid. 
in 30 ml. of 0.5 tate buffer o 
pl 4.5 eontaining gy. each 
added and the 1X ! incubated at é “ hour 
the digest was itn for 30 minutes, tl ‘ volume 
filtered. The pH was : usted to ¢ 
wid was estimated microbiologi 
given in’ Table 
Estimation of biotin 
f GN sulfuric wid ititin 
to 4.5 by the addition « i hvdroxide; olume was minds 
filtered, The pil of | Wits me a vi" © Was mined 
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RESULTS AND DISCUSSION 
Of the different pul es studied th concentration * gerd was 
comparatively high in) Phaseolus iatus, Phaseolus mungo and Cieer 


TABLE 1 


Folic acid contents of puises (mg. per 100 g.) 


WKhesari 
Kalai 
Kablimatar 
Arhar 
Mung 
Chhola 
Musur 


M 


TABLE 2 


acid content of pulses (mg. per 100 g.) 
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TABLE 3 
Biotin content of pulses (mg. per 10 g.) 


After germination 
sJotanical name Ungerminated 
2 days 4 days 
JAS 60-0 O.7+09 


5+0).7 10.6+17.5 O+1.0 


Lathyrus sativus 7 
Phaseolus mungo 7.! 
» 


O+i GVOFOS Yee G 


Pisum sativum 
’ 
Cajunus tndicus 


s 
TH+08 SHE OG VH+O 
AS 


s+] 10.0+0 5.6+1.3 
10.0+0 12.02 2.62%1.2 


13.2+-0.! 14.3+1.4 5.3+0.1 


Phaseolus radiatus 
Cicer arietinum 
Lens esculenta 


TABLE 4 
Niacin contents of pulses (mg. per 100 g.) 


After germination 
sotenical name Ungerminated 
2 days 4 days 
4+0).2 1.9+0,3 
FT nt | Bo £.5+0.3 
$+] $8+0.4 
50.1 17+01 
OH +04 


2.50.2 


Lathyrus sativus 
Phaseolus mungo 
Pisum sativum 
Cajunus indicus 
Phaseolus radiatus 
(ieer arietinum 
Lens esculenta 3.14+0.2 
arietinum. Folic acid values of all the pulses investigated decreased 
greatly during the process of germination. Pantothenie acid values of 
Lathyrus sativus, Phaseolus mungo, Cajunus indicus and Cicer arietinum 
increased while those of Pisum sativum, Phaseolus radiatus and Lens 
esculenta did not vary significantly during germination. Biotin content 
of all the pulses studied except Lathyrus sativus increased during ger 
mination. The process of germination increased the niacin values of all 
pulses, 

It is of interest to note that while ascorbie acid, thiamine, riboflavin, 
niacin, choline and biotin values of all the different pulses studied) in 
creased during the process of germination the folie acid content, however, 
greatly diminished during the process. In some of the pulses pantothenic 
acid values increased slightly while in others the value practically remained 
unaltered during germination. Due to increased vitamin content the con 


sumption of germinated pulses is advocated. 


SUMMARY 

Pantothenic acid, folic acid, biotin and niacin values of 7 varieties of 
pulses were estimated microbiologically before and after germination for 
2 and 4 days. Biotin and nicotinic acid values of the different pulses in 
creased during germination. Folie acid values were greatly diminished 
in all the germinated pulses. Pulses are rich in pantothenie acid. While 
this value increased in Lathyrus sativus, Phaseolus mungo, Cajunus indicus 
and Creer arietinum during germination the value remained practically 
unaltered in Pisum sativum, Phaseolus radiatus and Lens esculenta after 


germination. 
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The nutritive value of horticultural crops has been the subject of con- 
siderable research during the past years. Among the compounds present 
in fruits and vegetables, ascorbie acid has probably been investigated to 
the greatest extent because of its importance in human nutrition. The 


compilation of the vitamin values of foods prepared by Booher, IHartzler, 


and Hewston (3) indicates that a wide range in ascorbic acid concentra- 
tion exists in fresh fruits and vegetables.- Much effort has been devoted 
to the study of the factors responsible for these variations. Heredity, 
undoubtedly, accounts for a large portion of them (5, 6). Environment 
also influences the ascorbie acid content of plant tissues. Somers and Bee 
son (/2) pointed out that light is one of the most important environmental 
factors, while temperature, carbon dtoxide, soi moisture, fertilizer prac 
tices and possibly rainfall, have a smaller effect 

The purpose of this investigation was to study the inffuenee of the 5 
major mineral nutrients, nitrogen, phosphorus, and potassmim, on the svn 
thesis of ascorbie acid by plants. Leaf lettuce, a type generally grown for 
late winter production under glass, was used. A’ leafy vegetable was 
thought preferable to a fruit for this investigation because increased plant 
growth resulting from high nitrogen supply may cause a shading of the 
fruits, thus lowering their ascorbie acid content, as found with tomatoes 
(13), Sand and solution cultures were used in order to better contrel the 
concentrations of mineral nutrients 

Among the investigators who worked with leafy vegetables, Tressler, 
Mack, and King (/5) found the ascorbic acid content of spinach grown 
on mineral soils to average 5067 higher than that produced on muck soils, 
indicating the influence of the type of soil on the ascorbie acid content 
of the leaves. [jdo (8) also worked with spinach and found that large 
amounts of nitrogen in the soil resulted in greater ascorbie acid concen 
trations and increased potassium gave an inerease in this vitamin, par 
ticularly when a high concentration of nitrogen was present in the soil. 
Phosphorus, calcium and magnesium had a very small influence 

Isgur and Fellers (9) showed that inereases in vield of Swiss chard 
caused by fertilizer applications were accompanied by increases in ascor 
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bic acid content. Ligh nitrogen treatments resulted in the highest vields 
of ascorbic acid. Although thea study on Swiss chard agreed with the 
work of Ijdo (8) on spinaeh, they could not duplicate his findings on 
spinach, Sugawara (7/4) found the ascorbie acid content of spinach high 
When applications of nitrogen, phosphorus and potassium were high, and 
highest when the plants had attained their full growth, Burrell ef al. (4) 
found high nitrogen or a complete fertilizer to give rise to a higher ascor 
bie acid content in cabbage than did six other treatments investigated 

Perhaps Reder’s work (77) illustrates best the type of results obtamed 
when soil is used as the growing medium in the study of the effect. of 
mineral nutrients on ascorbie acid synthesis by plants. She carried out a 
Por 2 -? factorial experiment on turnip greens using nitrogen, phos 
phorus, potassium and caleium at 4 loeations. Nitrogen and phosphorus 
gave increases or decreases in ascorbie acid content, depending on the loca 
tion, While potassium resulted in decreases at all locations. Calcium showed 
no significant effect 

Bernstein, Hamner and Parks (2), also, working with turnip greens, 
reported only minor differences could be associated with the supply of 
macronutrients When plants were grown in sand cultures, except when 


these elements were completely absent. 


EXPERIMENTAL 


A winter and a spring experiment were carried out, using Grand Rapids leaf 
lettuce Climatic conditions at the time of the winter « periment were not optimum 
owing to the very short periods of sunshine during January and February 

Rach experiment was laid out in a $*2*2 factorial design with 3 replications, a 
design permitting the study of the intersetions between the treatments as well as the 
main treatment effects The treatments were randomized within each replication 

The plants reach experiment were grown in individual pots in sand eultures, and 
fed nutrient dutic epress wh trentment. ; ‘ time intervals The 
composition of olution used one ’ if ‘ ecommended tb 
Hill Minor loements Were ne 

nt solutions 
us and pota 
osphorus: 122 p in Lp ’ Mop.opan. and 

} entration of ¢ _ eld constant 

The ; rhie a mmtent s determined ;: the method of Loeffler and 
Ponting : * li lorapl ol indophen The Xtracts were prepared b 
blending 25 g. of pla su vi iH) md. ¢ ‘© metaphosphorie acid for 3 minutes 
in a Waring blender Phi ixtur $ ow uction filtered and the elear filtrate 


ssaved colorimetrically after roper dilutio Corrections ¥ made for the colormg 


}p 
matter present in the samples before ealeu ng tl ; orb d concentration from a 
| 


standard curve obtained with known 
Winter experiment. The seeds we own ‘ son November 12th 
After the seedlings became «| ablished tl vi we ypeneral nutrient solution 
recommended by Til or 2 ee ‘ which the were transplanted in individual 

ting plants of nearly equal size and vitalit The plants were then given 
e starter solu : eres llow them to beeoame established 

treatment witl ‘ er o | ! o December 20th 

pure quar j { ‘ ‘ \ ‘ i had been thorough 

ised. The nutrient 


ing ti 
sing he 


on 
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Growth during January and February was slow beeause of lack of sunlight. Never 
theless, the plants were ready for analysis on March 15th. There was no evidence of 
diseases such as tiplurn in the ere ) The eolor of the leaves was good. The plants 
yrown on the nutrient solution combining the lowest levels of all major elements were 
slightly paler in color than other plants, but no noticeable differences were evident in 


plants receiving other treatments 
RESULTS 


Results of the analyses for aseorbie acid are 


From the analysis of varianee, Table 2, it was found that the only treatment that 


ave significant variation in the aseorbie acid coneentration was nitrogen. This vari 
ation due to nitrogen reached the 1% level of signitiennee and the effect was found 
to litnecar 
vident from the data press in Table 3 that : ighly signifies 
rid coneentration betwe i lowest and each f the other two 
ted Although the ‘*F’ t showed ' { ‘ tr 


TABLE 1 


Ascorbic acid content, winter experiment 


TABLE 2 


Analysis of variance, winter 


it ps 
Treatments 
Nitrogen 
L* ] 67.74 
Q’ st O93 
Phosphorus age 
Potassium r.80 
NXP ‘ dd ea 
NXP 9 6.00 
rx K TOL 
NXPXK 2 5.040 


Error os Lad 90 


Total 


** Indicates significance at the 1% level 

* Indicates significance at the 5°) level 

41, represents the linear effect of the nitrogen treatment 

*Q. represents the quadratic effect of the nitrogen treatment 
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linear, the incerense between the second and third levels when compared to the ‘*t’ 


test did not show sippnifieanes 

The analysis of variance also showed highly significant interaction between the 
phosphorus and potassium treatments. 
Table 4 that the highest concentrations 
levels of these elements were 


It appears from of aseorbie acid were 


obtained when either the 2 low levels or the 2 high 


combined, and that increasing the low level 
had the effect of decreasing the coneentration 
the 2 elements was the 


or decreasing the high level of one while 
the other was held constant of ascorbic 
It seems that the balanee between 


wid on the plant tissues t 
the actual amounts of each supplied, since the 


determining factor rather than varia 
tion due to either element was itself not significant 


nt second order interaction was due 


Table 5, it appears that the signitie: 


from 
potassium md that i balanes 


between 


mainly to the interaction of phosphorus and 


the levels of these two elements was necessary for the production of the maximum 
concentration of aseorbic 

TABLE 3 
Comparison of ascorbic acid concentrations 


(Totals for experiment) 


Low 
Medium 
High 


TABLE 4 


Summary of results P X K 
(Totals) 


TABLE 5 


Summary of results NX PX K 
(Totals)"' 


7H41 


for treatment 
* for treatment 


The interaction of phosphorus and potassium was more noticenble when the highest 


ind lowest levels of nitrogen were used When the medium level 


of nitrogen was 
applied, the highest production of aseorbie acid was obtained when the nitrogen was 
with the higher levels of the 


other 2 clements 


in combination 
DISCUSSION 


A review of the statistical analysis of the results of the ascorbie aeid 
determinations reveals that the variation due to treatments was highly 


significant, and that highly significant increases in ascorbic acid were ob- 


tained by increasing the levels of nitrogen 
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Neither phosphorus nor potassium gave significant results. However, 
the general effect of phosphorus was to increase the ascorbic acid while 
that of potassium was to decrease the concentration of this vitamin. The 
interaction between these 2 elements was highly significant and a review 
of the results appeared to indicate that a balance between these 2 ele- 
ments was more effective In increasing the ascorbic acid concentration in 
the plant than was the actual concentration of either element in itself. 

Since the interaction of the 3 elements was significant, a study of the 

er . 
results was made which revealed that this was mainly due to the inter- 
action of phosphorus and potassium. It was noted, however, that when 
the medium level of nitrogen was employed the maximum results were 
obtained when it was in combination with the highest level of phosphorus. 

The results of this winter experiment indieate that nitrogen fertilizer 
is effective in increasing the aseorbie acid concentration of the lettuce 
plant. It also appears that a balance between the major clements is re 
quired. This is more particularly true in the case of phosphorus and 
potassium, 

Spring experiment. This experiment was conducted to verify the results obtained 
in the winter experiment. Sinee a greater amount of sunlight could be expected during 
the spring, the question arose whether the probable increased photosynthesis would 
favor a greater production of aseorbie acid by the plant or level off the nitrogen effect 
observed in the winter experiment. 

The spring experiment followed the same general pattern of the first experiment 
with minor changes in technique. However, the environmental conditions of sunlight 
and temperature were decidedly different from those of the winter experiment. Two 
plants were grown in each replication for each treatment, and the results recorded are 
the average of the determinations from the 2 plants. This made for greater accuraey 
as the results were based on the data from twice the number of plants used e winter 
experument, 

The seeds were sown on March 20th, in elean, steam sterilized sand 
sand was kept moist until the seedlings were established. Then thes 
general nutrient solution (Hill, every third day until April 6th, when 
transplanted into the individual pots, and feeding with the experiment: 
solutions was started. Sand of similar nature to that used in the winter 
was not available, so river washed sand was substituted. It was thorough) 
free of impurities as in the winter experiment. This sand was somewhat 
the previous one, and, therefore, probably more retentive of moisture. The yp! 
fed at 5 day intervals throughout the spring experiment, and the sand was flu 
water before each feeding. Small amounts of water were supplied to the sand 
feedings. 

Nant growth during this period was much more rapid than in the earlier per 
due to the more favorable environmental conditions of sunlight and temperature. The 
only noticeable difference in the conditions of the plants was the lights green color 
of the plants receiving the lowest levels of all 3 major elements. This difference was 
not as great as in the earhler experiunent Analyses were earried out on May ith 

Results. The results of the analyses from the 2 plants in epeh treatment were aver 
aged and are reported in Table 6 

The analysis of varianee, Table 7, shows that none of the main effeets eaused a 
significant variation in the aseorbie acid coneentration of the plants in this experiment 


Although the effect of nitrogen in this experiment was not found to be signifieant 


it was linear and positive, as shown in Table 8. This followed the same trend as in the 
however. 


previous experiment where nitrogen gave a highly significant positive effect 
Phosphorus was found to give a non significant increase and potassium gave a non 
significant deerease in the ascorbie acid concentration, These results are similar to 
those obtained in the first experiment. 
The variation due to treatments was significant at the 5° level. 
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TABLE 6 
Ascorbic acid content, spring experiment 
of fresh tissue 


Kep. 111 


JjKach figure represents the average of 2 plants 


TABLE 7 
Analysis of variance, winter experiment 


ID } 


Ke ps 
Treatments 


Nitroge 


TABLE 8 


Comparison of ascorbic acid concentration 


(Totals for experiment) 


From Table 3, it appears that when the low level of phosphorus was used, no in 
crease was obtained in the aseorbie acid eoncentration by increasing the nitrogen; 
whereas an inerease was caused by increasing the nitrogen when it was in combination 


with the high level of phosphorus. 
The maximum production of aseorbie aeid took place 


highest level of all 


in those plants receiving the 


} major clements as shown in Table 10 
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TABLE 9 


Summary of results N X P 
(Totals) 


TABLE 10 


Summary of results NX PXK 
(Totals) " 


COMPARISON OF RESULTS OF WINTER AND SPRING EXPERIMENTS 

The results of both experiments followed a similar pattern. Inereases 
in ascorbic acid concentration were obtained by increasing the level of 
nitrogen and phosphorus while an increase in potassium gave a decrease 
in the ascorbie acid content of lettuce. 

In only one instance was a significant ‘EF?’ value obtained for a main 
effect. In the winter experiment a highly significant effect of nitrogen 
was found. The effect of nitrogen on the concentration of the acid was 
not found to be significant in the spring experiment and it was felt that 
this was possibly due to the different environmental conditions which ex- 


isted during the 2 periods of growth. 


SUMMARY AND CONCLUSIONS 
A winter and a spring experiment were carried out in the greenhouse 
to study the influence of 3 major nutrient elements, nitrogen, phosphorus, 


and potassium, on the synthesis of ascorbie acid by plants, using sand 


and solution cultures. 

The results obtained indicate that mineral nutrition had some effect 
on the ascorbie acid content of leaf lettuce. However, the effect was small 
and would not account for the wide variation in concentration observed 
in plants. It is apparent that some other factor or factors beside nutrition 
are responsible for the greater part of these variations. 

Of the 3 elements studied, nitrogen was most effective in causing vari- 
ation in the ascorbie acid content of the plants. The fact that this element 
gave highly significant variation in one experiment and non-significant 
results in the other, could be attributed to the different) environmental 


conditions under which the tests were carried out. It is evident that val- 
uable information might be obtained by repeating these experiments under 


controlled light. 
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In general, the effect of increased nitrogen and phosphorus was) to 


increase the ascorbic aeid) content, While inereased potassium euused a 
deerease 
The balance between the levels of the 3 elements was as important 


ais 


the actual amount of any one mutrient. This is particularly true of phos 


phorus and potassium 
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The various pectic substances present in tomatoes (Lycopersicon escu 
lentum) are known to play an important role in determining the texture 
and firmness of the fresh fruit (2, 4, /5). These pectic substances are 
equally important to the consisteney of concentrated tomato products (7, 
», 11, 12, 20, 22). In California, the Pearson is the variety most frequentls 
used both on the fresh market and in canning, whereas the San Marzano 
or pear-shaped tomato is used in combination with the Pearson im the 
manufacture of concentrated tomato products. A careful comparison of 
the two varieties indicates rather definite advantages and disadvantages 
in each. The Pearson tomato is high in total acidity, has a high flavor con 
tent, and is more disease-resistant than the San Marzano. However, it is 
lower in total solid content than the San Marzano. 

Saywell and Cruess (79) reported on the chemical constituents of carn 
ning tomatoes and on the effeet of locality, variety, seed selection, and 
cultural practice in the field on these chemical constituents. Kassab (3), 
in deseribing the ripening process of tomatoes, pointed out that green 
tomatoes contain more protopectin than water-soluble pectin and indicated 
that as the fruit ripens, the protopectin content decreases while the water- 
soluble content increases. Appleman and Conrad (7) found a change of 


protopectin to soluble pectin during the ripening of tomatoes, although 


their data showed less change than those reported by Kassab. Kertesz 
and MceColloch (6) studied the pectic materials present in John Baer toma 
toes. Within the narrow maturity range studied, the pectic constituents 
of the John Baer tomato showed no definite trends of practical importance 
They explained the reactivity of the peetie constituents with caleium ion, 
used in firming canned whole tomatoes 

None of the previous investigations dealt) with the average molecu 
lar size of the pectic materials in fresh tomatoes which is related to the 
viscosity and consistency of the tomato products after processing. Pres 
ent-day interests in the use of calcium chloride in firming canned whole 
tomatoes warrants a detailed study of the peetie constituents 

In this investigation the Pearson, the San Marzano, and a hybrid 
resulting from crossing these two were studied for their chemical compo 
sition both in the green stage and in the firm ripe condition. At. the 
firm ripe stage, the pectic contents of all three varieties were investigated 
for their physical and ehemieal qualities. This work was designed to 
enable plant breeders and tomato canners to evaluate the quality: and 


quantity of pectic constituents in tomato fruits 


EXPERIMENTAL MATERIALS AND METHODS 
Tomato fruits. ‘Twentv-seven tomato plants of each variety were | 
in the greenhouse at Davis on March 1, 1052, and trat splanted to th 
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irrigated 5 times 


952. During thes velopment these plant 
vy Were 


stinet maturit 
yellow pigments; and ripe toma 


was harvested October 7, Iwo di 
green tomatoes, entirely free from red and 
Careful selection was made 


prim canning maturity 


red in color and o 
1 or blemished tomatoes and extraordinarily 


me of harvest to remove all crackes 
harvested from each lot 


to isolate tomato peetins and separate 


ind hot O05 N HCl soluble 


fractions were essentially the same as those deseribed by MeColloch (7 . A stainless 
steel paring knife was used to slice one kg. of thin sections of the tomatoes directly into 


rsmall fruits. Ten pound samples were 


Extraction of pectic materials. Methods used 


them into water-soluble, 0.20¢ ammonium oxalate soluble, 


f boiling #5¢° ethanol, which had previously 


nt ; 
been heated under refluxing in a hot-water bath. This was done to avoid the possible 
and pectin esterase, which 


peetins. The mixture was refluxed for 12 


re was disintegrated in 


at ae 


round-bottomed tlask containing 


action of tomato polygalacturonase might alter the original 
properties of the tomato minutes and then 

in a water bath. This eooled mixtu 
minute and then kept in tightly covered Mason jars 


the supernatant liquer was 


cooled to room temperat 


a Waring blender for one 


Instead of using the sharkskin paper 


filtration method, 
separated from the aleohol insoluble y centrifugation if 1.0000 ropom, Hoo 
gravits for 20 minutes and then dee The aleohol insoluble solids were washed 
‘ centrifuged, from the 


with 630¢ ethanol eontail 
by de« : ? ’ 1 as extracted 


in 
Phe 


ng 


supernatant 


perature, each time 


and eomb 


t P 
omato 


represent e meid se ble i or 


Precipitation of pectic materials from 


the 


on were pres 


© ethanol 


perature under 27 inel 


Analysis of the fresh tomato samples. Ten repre 
and then eut an ped ina Waring 


acuum 
were used for 


each sample. The tomatoes were men Size 


blender for one minute Ana 


samples mipt 


harvest 
ds. The soluble 
Readings so obtaines 
Fifteen-to-twenty g 
aluminum moisture dishes 


‘ 


ihe skin color of the tomato sample ompared with the Maerz 


Color Dietionary (4) under a standard light source." 
Total acid. The total acid content of the tomato samples was determined by titrat 
amples of the pulp in 200 ml. of freshly boiled and cooled distilled water 
sodium hydroxide until the pl reached 8.9. Total acidity was ealeulated 
percentage of citrie acid monohydrate. The 
Coleman model 18 pH Flectrometer. 


pH values were determined by using a 


*Manufactured by the Keese Engineering Company, Los Angeles, Calif., Model UCD, 


500 watts with a blue filter. 
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Characterization of the reprecipitated pectic materials. Methoryl contents. The 
methoxyl content of the reprecipitated peetic materials was determined by the modified 
volumetric Zeisel method as deseribed by Owens and co workers (/¢ Sorbed ethanol 
in the samples was removed by humidification. 

Uronide content. Stark’s method (71) for the microdetermination of pectie sub 
stances in cotton modified by Owens and ceo workers (76) was used. The ethyl! aleoho 
used to dissolve the carbazole was purified by refluxing with zine and sulfuric aeid, 
distillation from all glass apparatus, refluxing again with zine and potassium hydroxide 
and distilling again. 

Intrinste viscosity. The intrinsie viscosities of the peetic materials were determined 
by using Ostwald visceosimeters at 25 CC. Peetin solutions at pil 6.0 in (8% Nal and 
O29. ealgon were used (16), 

Weight average molecular weight. These were ealeulated from the intrins 


ties as deseribed by Owens and co workers 


RESULTS AND DISCUSSION 


The physical and chemical properties of the raw tomatoes used in this 


investigation are presented in Table 1. The chemical composition of toma 
foes may vary considerably with locality, water supply, variety, and time 
of picking (79). In order to minimize variations due to the above factors, 
the samples used in this investigation were picked on the same day, and 
vreat care was exercised to pick fruit) of as closely similar maturity. as 
possible 

Table 1 indicates that the Pearson tomato has lower total and soluble 
solids content than the San Marzano. The total acid content of the Pearson 
however, is definitely higher than that of the San Marzano. Tn the firm 
ripe state, the Pearson tomato had a total acid content of O.O706, as citric 
acid monohydrate while the San Marzano had a total acidity of only 
O.308¢. The acidity of these 2 varieties is emphasized because it: might 
serve as an index of maturity and flavor. 

The ratio of soluble solids to total acid in the Pearson tomato was 14.27 
as compared with 18.47 in the case of the San Marzano. This relationship 
is characteristic of the varieties and might well be used as a standard of 
identification. Variation in the ratio of soluble solids to total acid) within 
Varieties may also serve as an index of maturity and flavor 

The acid and solids content of the hybrid obtained from crossing the 
Pearson and San Marzano was comparable to that of the San Marzano 
tomato. The hybrid is low in acid and high in total and soluble solids 
This property is also shown in the ratio of soluble solids to total acid. The 
hybrid had a soluble solid to total acid ratio of 20.57 which is comparable 
to that of the San Marzano, 

The pH values of the Pearson and San Marzano in the firm ripe stage 
were the same 4.35, while the hybrid had a value of 4.45. From the heat 
sterilization standpoint, it is undesirable to can tomatoes with a pH value 
higher than 4.5, since this high pll may permit the survival of anaerobic, 
thermophilic spore-forming bacteria. This point deserves some consides 
ation by the plant breeder, 

The results in Table 1 also confirm the results of Saywell and Cruess 
(19), who indicated that the total acid content of tomatoes deereases as 
the maturation process proceeds. Comparison of the total acidity of the 
green tomatoes with those at optimum maturity, as judged by color and 
firmness, Showed lower acid content in all the more mature fruit 
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TABLE 1 
Physical and chemical properties of the raw tomatoes used in the ~ reparation 
of pectinic acids 


Average Average 

maxi mart 
Maturity mum mum 

diame height 


Skit 

Maery 
ter, cm 

Pearson Firmripe 7.4 

Pearson (rreen 

San Marzano Firm ripe 

San Marzano Green 

Hivbrid( PXSM) Firm ripe 

Hybrid( P*XSM) Green O05 


Expressed as citric acid monohydrate 
Ratio of soluble solid to acid 


Quantity of pectic materials in firm ripe tomatoes. ‘The pectic materials 
in the tomato samples were fractionated into 3 arbitrary groups, according 
to their solubility characteristics. They were separated from non-uronide 


r« 


materials present in tomatoes by using 656, ethyl aleohol and then extract 


ing the alcohol insoluble residues successively with water, 0.200 ammonium 
oxalate, and hot 0.05 No WCL An aliquot of 200 mil. in duplicate was taken 
from each fraction to analyze for its caleiim pectate content. The results 


are press nted in Table 2 


TABLE 2 
Quantity pectic substances in firm ripe tomatoes 


Venarson 
San Marzano 


Hivbrid( PXSM 


The water-soluble fraction includes peetin and those colloidal peetinic 
acids of sufficiently high methyl ester content to be water soluble They are 
the high molecular-weight, soluble pectic substances, located largely in 
the liquid phase of the tomato fruit, which contribute to consisteney and 
serum viscosity. The San Marzano tomato has a water-soluble peetin eon 
tent of O.O3830, whereas the Pearson tomato has only O.O1O1G both 
being expressed as calcium pectate on fresh basis. The hybrid obtained 
by crossing the Pearson with the San Marzano has a value of O.O150%, 


which is intermediate between the two. The water-soluble pectic material 


content of the hybrid is nearer that of the Pearson than the San Marzano 

The oxalate-soluble fraction includes pectie acids and those colloidal 
pectinie acids of sufficiently low methoxyl content to be insoluble in water 
and capable of forming gels or precipitates with polyvalent metal ions 
This fraction is rendered soluble by any caleium-sequestering agents sueh 


as oXalates or polymetaphosphat The San Marzano had an oxalate-solu 
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ble pectin content of 0.14540, which is about twice that of the Pearson. 
The hybrid has a value of 0.081567 which is nearer that of the Pearson. 
The oxalate-soluble fraction may occur naturally in small amounts in the 
tomato or may be formed in larger amounts through the action of the 
enzyme pectinesterase on water-soluble pectic substances. From the stand- 
point of tomato paste production, the San Marzano is highly desirable 
because of its higher pectic content in the water-soluble and oxalate-soluble 


fraction. 
The acid-soluble fraction, or protopectin, is an ill-defined water-insolu- 
ble peetic material in plant tissue which, on restricted hydrolysis with 


warm dilute hydrochloric acid, vields peetinie acids. Although it is not 
known if there is any pectic enzyme that will convert protopectin into 
pectinie acids or water-soluble pectin, it was well demonstrated by Apple 
man and Conrad (7) and Kassab (3) that during maturation of tomato 
fruits there was an increase in soluble pectin and a decrease in protopectin., 
In this work, a comparison of the 0.05 N. HCl-soluble fractions in the 3 
varieties of tomatoes at firm ripe state indicated no significant difference in 
quantity among them. 

Quality of pectic materials in firm ripe tomatoes. Pectic substances play 
an extremely important role in determining the firmness and texture of 
fresh and canned tomatoes and in determining the consisteney of processed 
tomato products (6). Both the quantity and the quality of the peetic ma 
terials are important in forecasting consistency of tomato products. The 
quality of peetic materials in the 8 varieties of tomatoes at their firm 
ripe stage is presented in Table 3. 

The uronide content of the oxalate-soluble fractions of the 23 varieties 
of tomatoes is very similar, ranging from 76.2 to 79.50% of these fractions 


The uronide eontent of the water soluble fractions was lower than that 


TABLE 3 
Properties of pectic materials isolated from ripe tomatoes 


Pearson Water 106.700 


Pearson O20? oxalate 62.600 
Pearson OOS N.C 
San Marz: Water 
Sau Marz: OL oxalate 
San Marz: O05 N.HCT 
Hybrid 
PxXSM) Water 
Hybrid 
(PXSM) 0.2% oxalate 
Hybrid 
(PXSM) 0.05 N.C a $ 2 0.6 8.9 


methoxyl content « 17/31 


4Culeulated from: uronide content ; 
0.8% NaCl and 0.2 calgo (sodium pol 


* Viscosity was measured at 25°C.,, pH 6.0, in 
metaphosphate) 
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of the oxalate-soluble fraction. This is probably due to the extraction of 
the soluble non-uronide materials by water prior to the oxalate extraction. 
Newbold and Joslyn (74, 15) also reported the presence of physically ad- 
mixed non-uronide materials in crude pectin which are removed during the 
calcium precipitation. The low uronide content of those fractions obtained 
by acid extraction is quite surprising. Most likely these fractions are 
contaminated with proteins which are also precipitated from the aleohol 
solution after acid hydrolysis of the tomato pulp. Furthermore, starch, 
cellulose, and pentosans may also vield degradation products during mild 
acid hydrolysis which are precipitable from alcohol 

In all 3 varieties the methoxyl content of the water-soluble fractions 
is higher than that of the oxalate-soluble and the acid-soluble fractions 
This is to be expected because only highly esterified pectins are soluble in 
water. Pectie acids and low ester content pectinie acids are very insoluble 
or slightly soluble in’ water. The comparatively low methoxyl content 
in acid-soluble fractions might be interpreted as due to their lower wrontde 
content and also to the partial de-esterification of the pectinic acids through 
acid catalysis during the extraction process. Kertesz and his co workers 
(7) claimed that pectinie acid with an average degree of esterification of 
the carboxyl groups of about 60°, and higher cannot be expected to 
play an important role in the firming of canned whole tomatoes. When 
pectin-esterase, known to be present abundantly in tomato fruits, de-estert 
fies the pectin, firming the tomato by caleium ion may become possible 
In the 3 varieties of tomatoes studied in this investigation, the oxalate 
soluble fraction had a degree of esterification ranging from 40-43°6.. Such 


pectinie acids are known to form insoluble complexes with caleium and 


therefore firming of the tomatoes by calcium ion due to this fraction is 
possible without the help of pectin-esterase. The acid-soluble fractions are 
obtained by hydrolysis with hot 0.05 N. TIGL and do not represent the 
original condition of the raw tomatoes. Thus, the methoxyl content of this 
fraction is of no value for predicting caleium firming capacity. 

It appears from column & of Table 3 that the weight-average molecular 
weight of the water-soluble fractions was higher than that of the oxalate- 
soluble fractions. The viscosity and consistency of the serum of tomatoes 
depend on the colloidal nature of the long chain molecules of poly-uronides 
Pearsons appear to have a higher weight-average molecular weight than 
San Marzanos although the quantity of pectin in each fraction is less (see 
Table 2). The weight-average molecular weights of the hybrid in all the 
fractions are nearer to those of Pearson. Since no quantitative data are 
available to compare the relative influence of the quantity and average 
molecular size of the pectic materials on the consistency of the processed 
tomato products, no conclusion can be drawn from these data alone. The 
data on quantity of water-soluble and oxalate-soluble peetin fractions and 
total solid content indicate that it is advisable to combine the Pearson and 
San Marzano for tomato paste production. The weight-average molecular 
weight of one bateh of commercial citrus pectin was reported to have the 
value 62,000 (15). The quality of pectins in the San Marzano tomato is 


comparable to that of citrus pectin. 
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Data presented in this study may be an aid to plant breeders and 
tomato canners in evaluating both the quality and quantity of pectic 
materials in tomato fruits 

‘SUMMARY 

Three varieties of California tomatoes -the Pearson, the San Marzano, 
and a hybrid resulting from crossing the two--were studied for their 
pectic constituents and chemical properties. The pectic materials were 
isolated and fractionated into water-soluble, oxalate-soluble, and 0.05 N. 
HCl-soluble pectins by successive extraction. These fractions were then 
reprecipitated from alcohol and analyzed for polyuronide content, meth- 
oxyl content, and weight-average molecular weight by the intrinsic vis- 
cosity method. 

These studies indicated that at the firm ripe stage the San Marzano had 
higher total solid and peetin content than the Pearson. The San Marzano 
had a total pectin content of 0.2357 as calcium peetate on the fresh basis, 
the Pearson had 0.13507, and the hybrid had a value of 0.16907. 

Weight-average molecular weight studies showed the Pearson to have 
better peetin quality than the San Marzano. 

This study may aid plant breeders and food processors in evaluating 
the suitability of tomato varieties for tomato paste production 
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Results of previous experiments (5) have established a pattern of lis 


tological and histochemieal changes of beef muscle during dehydration, 
some differences in the behavior and rate of moisture removal in raw and 
pre-cooked meat, and a correlation between the moisture content and mus 


cle fiber diameter in dehydrated and rehydrated samples. The degree of 
water uptake and increase in fiber diameter of these samples upon rely 
dration was, however, not sufficient to result in reconstitution of the tissue 
Conceivably, then, successful reconstitution must depend on eertain con 
ditions, some of which may be basically intrinsic while others are probably 
extrinsic. To test for possible intrinsie faetors, the influences of careass 
grade and weight, aging period, and constitutional differenees ino muscles 
were determined. In search for extrinsic factors, a process of electrolysis 
was Introduced as a means of pre-conditioning the meat prior to its dehy 
dration to make subsequent reconstitution more likely. It was thought 
that the observed peripheral movement of potassium in the muscle fibers 
of dehydrated meat (5) might establish conditions conducive to irrevers- 
ible protein denaturation at the cell boundaries, thereby restricting if not 
completely preventing re-entrance of water. From this reasoning evolved 
the idea that electrolysis might remove the potassium ions from the tissue 
before dehydration so that the occurrence of protein precipitation could be 
avoided and hence a more rehydratable end product obtained, 

The present paper presents the results of a series of experiments 
using four careass grades, three aging periods and two muscles of the 
round which were dehydrated either with or without the electrolysis 
pre-treatment. 

MATERIALS AND METHODS 

Samples used in this series of experiments consisted of cylinders of meat measur 

ing ™% ineh in diameter by 2 inches in length, obtained by the use of a standardized 


steel borer. They were taken from 4 groups of eareasses: heavy prime, heavy good, 
lightweight good and commercial cow. Two muscles, Breeps femoris and Recetus femoris 


of the round, after 0, 7 and 14 days of aging, were sampled 
Two kinds of control were used for each sample. One was a standard eontrol, 


which was fixed in Zenker formol or 10° neutral formalin The other eontrol was 


‘Journal Paper No. 76, American Meat Institute Foundation. This paper reports 
research sponsored by the Quartermaster Food and Container Institute for the Armed 
Forees, and has been assigned No. 443 in the series of papers approved for publeation 
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to be construed as retlec ting the views or endorsement of the Department 
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frozen-dried in a specially constructed apparatus designed to maintain a vacuum of 
0.1 w« of mereury,. Samples (2 XX 4 mm.) were frozen in isopentane by liquid nitrogen 
and dried at a temperature of —40°(. for a period of 2448 hours. The samples were 
then infiltrated with absolute aleohol and celloidin embedded 

The samples were divided equally into those which were dehydrated from raw and 
those which were eleetrolyzed prior to dehydration. Both kinds of dehydrated samples 
received similar subsequent rehydration. 

A diagram of the electrolysis set-up is shown in Figure 1. A meat eylinder to be 
electrolyzed was suspended in a 0.54 NaCl solution. A platinum clectrode was inserted 
into the center of the cylinder and a direct 12-volt current was applied at 200 m.a. for 
30 minutes. The samples were then placed into a warm air cabinet at 70 ©, for 1s 


hours in the same manner as for the raw samples 


haa 8 4 


— 12 VOLT BATTERY 


- — SALT SOLUTION 

-— — COPPER SCREEN ELECTRODE 
- - - -— 1/2" DIAMETER CYLINDER OF MEAT 
- - =~ --— COPPER OR PLATINUM WIRE 























Figure 1. Diagram of experimental set-up for meat electrolysis. 


All dehydrated samples were placed into demineralized water for rehydration at 
room temperature for 30 minutes or less (see reason therefor in section on rehydrated 


samples). Weight measurements were carefully obtained after eleetrolysis, dehydration 
and rehydration; percentage of moisture was ealeulated on the basis of a 5g. ground 
raw meat sample dried at 65°C. under vacuum for 16 hours. 

Slides were made from celloidin-embedded bloeks of all types of samples: Raw 
(untreated), eleetrolyzed, dehydrated and rehydrated, for histochemical and histological 
determinations. Methods for histological processing and staining, measurement of 
musele fiber diameter in sections, and Carere Comes technique for potassium were the 


same as previously used (5). 


RESULTS AND OBSERVATIONS 


Many preliminary trials in electrolysis were conducted on test samples for deter 
mining the optimal sample size, current intensity, and duration of treatment. Regular 
xperimental samples were then eleetrolyzed. During rehydration, the dehydrated elee 
trolyzed samples absorbed, on tha average, more than twice as much water as did those 
not previously electrolyzed (Table 1). There was no indication that eareass grade or 
weight influenced the moisture loss during dehydration or the amount of moisture 
absorbed by the dehydrated samples. 

Temperatures were taken of the samples undergoing electrolysis by the use of 
thermocouples. It was found that the samples containing more fat registered tempera 
tures higher than those of relatively lean meat; however, the rate of rehydration was 
essentially the same for both. Two other effects of electrolysis on the muscle tissue 
appeared evident (Table 1): (a) the eleetrolyzed meat increased in moisture content 
during the process of electrolysis; at the same time the musele fibers swelled (Fig. 
2D); and (b) there was a tendency for the electrolyzed tissue to be dehydrated more 
completely than the controls (non« lectrolyzed 

Attempts were made to determine what chemical changes, if any, had oeeurred in 
the muscle tissue undergoing electrolysis and in the electrolytic solution. It was found 


that the pI! of the eleetrolyzed meat was reduced from an average of 5.5 to an 
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average of 2.8 while the pH of the eleetrolytie solution of 0.5% NaCl inereased from 
2 to 108 on the average. Control samples dehydrated for 18 hours did not show 
any appreciable change in pH. 

Histochemical determination of potassium distribution revealed the following gen 


eral pattern: in frozen dried musele tissue, this mineral was evenly distributed. As 
previously reported (5) potassium moved to the periphery of the muscle fibers during 
oven dehydration. When samples were cleetrolyzed before dehydration most of the 
potassium was removed and little or no potassium movement occurred during dehy 


dration. This was particularly true for the area in which the electrode had been in 
serted (Pig. 2C). A marked increase in potassium content of the electrolytic solution 
was noted after eleetrolysis. 

Sections of the various samples were carefully examined for histologieal details, 
and measurement of musele fiber diameter was made in each (Table 2)." For the sake 
of clarity, the various samples will be described separately. The following account 
applies generally to samples of both muscles. 

The cleetrolyzed samples. Grossly, an eleetrolyzed meat cylinder, prior to dehydra 
tion, was soft and appeared slightly swollen. It had a homogeneous appearance, 
though frequently having peripheral spots. The latter retained the raw meat appearance 
in contrast to the remainder of the cylinder, which was much lighter in color and 
characteristically translucent (Fig. 2A). The peripheral spots were believed to have 
resulted from the failure of the cleetric current to penetrate the meat uniformly. 

For further study of the muscle fibers in the respective areas of the electrolyzed 
tissue, samples were taken from the central and peripheral portions of a typical eleetro 
lyzed eylinder and cut in a Waring blender to obtain single isolated musele fibers. 
Microscopie observation showed that the fibers from the central Celeetrolyzed) portions 
were colorless and light transmitting as contrasted to those from the peripheral spot 
which had an intense bronze hue similar to fibers of raw meat (Fig. 2B 

The musele fibers in electrolyzed meat samples were charaeteristically swollen. In 
transverse section they all had a round contour (Fig. 2D) in contrast to the irregularly 
hexayvonal shape of normal raw fibers [see Fig. 2A (5) The fibers had completely 
lost their longitudinal striations and cross striations were indistinet but clearly visible 
under oi] immersion, Nuclei of the muscle eells took the usual staining. Sareolemma 
of these fibers were intact and no fiber merging was evident. However, the swelling of 
the fibers was accompanied by a change in spatial relationships within the tissue. The 
original endomysial spaces were replaced by spaces of irregular shape and = variable 
size (Figs. 2C and 21D). The connective tissue fibers present in the spaces stained in 
the usual way were apparently not affeeted by the electrolysis treatment 

The dehydrated samples. In most respeets all the dehydrated samples were quite 
similar. They were so stiff and hard that sectioning was difficult. The muscle fibers 
were tightly packed with extensive merging. Cross striations were absent or indistinet. 
The dehydrated electrolyzed samples contained a system of irregular spaces which 
were apparently those induced by electrolysis and retained during dehydration. Despite 
the fact that samples absorbed water during electrolysis, the cleetrolyzed dehydrated 


samples contained no more moisture than the dehydrated samples that were not el 


- 
trolyzed prior to dehydration 

The rehydrated samples. The eleetrolyzed dehydrated samples rehydrated readily 
to ea. TOC moisture while the non-eleetrolyzed dehydrated samples absorbed water to 
only about a $00 moisture content under the rehydration conditions used (Table 1 
Actually the electrolyzed samples imbibed water to a point where they would fall apart 
in a few minutes. For this reason they usually were removed from the rehydration 


bath in considerably less than the allotted $0 minute time interval 


“Similar data on the control series, ice., the non eleetrolyzed dehydrated and = rehy 
drated samples, were not examined histologically since no appreciable differences were 
found between the two kinds of dehydrated samples; for the rehydrated samples, the 
weight data (Table 1) were sufficient to demonstrate the tremendous difference in 
rehydratability between the electrolyzed and non-electrolyzed tissues. Also, only the 
measurements on samples fixed with Zenker formol are reported since no appreciable 


differences were found between samples fixed in this manner and those frozen dried. 
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Figure 2. A—Left: Side view, an electrolyzed Rectus femoris cylinder, showing 
lack of a uniform appearance of the tissue. Upper right: Cross section of the same 
electrolyzed cylinder showing a peripheral gradient as a white half-ring. Lower right: 
Cross section through the portion of more uniformly electrolyzed tissue. ~ 1.3 

Note: The difference in size of the two cross sections reflects the differential be 
havior of the electrolyzed and non-electrolyzd tissue in regard to water uptake. 

B—Single muscle fibers isolated from the electrolyzed cylinder shown in A: Middle 
fiber, translucent and almost colorless, from uniformly electrolyzed portion; the other 
two fibers, isolated from the peripheral spot, almost similar to raw meat. * 190 

C—Transverse section, typical electrolyzed sample (Biceps femoris), representing 
an area through which the platinum electrode was inserted in the meat during electro- 
lysis (central hole in figure). Compare the muscle fibers, all of which had a round con- 
tour, with those of normal beef shown in Figure 2A (5). * 45 

D—A further enlarged portion of C showing the muscle fibers being “blown up” 
like balloons causing obliteration of the original endomysial spaces without, however, 
losing their individuality. 190 

E—tTransverse section, rehydrated electrolyzed Biceps femoris, showing retention 
of some of the spaces after rehydration. ~* 33 

F—Longitudinal section, reconstituted electrolyzed Rectus femoris, displaying cross- 
striations as clear and distinct as those of normal muscle tissue together with other signs 
of reconstitution. ~ 450 
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TABLE 1 
Moisture content in different samples 


Moisture content (% )” 


| Aging Non-electrolyzed Electrolyzed 
Grade | Muscle time } 4 
| (days) | After | After | After | After After 
| dehydra- |rehydra- | electrol dehydra | rehydra 
tion tion | ysis tion | tion 


70.4 
| 71.1 
| 76. 


+ 


0 


| { } 
| | 

| 

| 


| Bice ps 
Heavy 


prime 


Rectus 
Bier ps 
Reetus 


Bier 
Lightweight 
good 


| , 
| Bice 
Commercial 
cow | 
é : bO.4 | 
40.6 ‘ I. 
ae | » ! & . 7) 
Average: 7334 4.5 20.6 f 4. 
AI] negative values are probably due to unavoidable sampling errors or to loss of solids during 


electrolysis 
©Cases of reconstitution 


Despite the ready rehydration of the dehydrated eleetrolyzed samples, the diameter 


of the muscle fibers did not increase appreciably (Table 2) 
In these respeets both the eleetrolyzed and non eleetrolyzed 
However, the eleetrolyzed 


and cross striations did not 


become much more distinet. 
rehydrated samples were very similar to the dehydrated meat. 
rehydrated samples still retained the system of irregular spaces which were induced by 
electrolysis and were present in the eleetrolyzed dehydrated samples (Fig. 2E). 

To show that the failure of muscle fibers in electrolyzed rehydrated samples to 
increase in diameter was not due to changes induced by the usual histological fixation 
and embedding techniques, fiber diameter measurements were made on frozen sections 
of rehydrated eleetrolyzed tissue and on fibers separated from the tissue by cutting it 
with water in a Waring blender for 2 minutes. Diameter measurements made on these 
samples were in agreement with measurements made on sections obtained by the stand 
ard fixing and celloidin embedding techniques. 

Although the statements made above apply 


prem rally to rehydrated samples, three 


samples of Rectus femoris musele (all eleetrolyzed) not only rehydrated to a high 


moisture content (Table 1) but also recovered their original muscle fiber diameter 
(Table 2). These 3 samples apparently reconstituted in the true sense because they 
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had the spatial organization normally present in fresh raw meat, exhibited distinetly 


littl if musele fibers, and exhibited distinet eross 


stained nuclei, showed little merging 
striations in most of the muscle fibers (Fig. 2F 

and extent of aging did not appear to influence moisture changes or 
The 


data (Tables 1 and 2) cover a normal range of variation for materials of this type. 


Careass prade 
histological! or histochemical properties of ke hydrated or re hydrated musele tissue 


TABLE 2 
Changes in muscle fiber diameter of Biceps femoris and Rectus femoris muscles 
after different treatments 
Muscle fiber diameter (a) 


After After 
dehydration rehydration 


siceps |Rectus 


Heavy prime 


30.1 


Heavy good 
Lightweight good 


Commereial cow 


Heavy prime 
Heavy good 


Lightweight good 


DISCUSSION 


As for samples studied previously (5) there was a fairly close relation 
ship between moisture content of the samples and muscle fiber diameter, 
A correlation coefficient of 0.63 was obtained for the moisture content 
muscle fiber diameter values reported in Tables 1 and 2 (64 samples 

In view of this relationship it is surprising that the electrolyzed rehy 
drated samples did not generally exhibit a greater muscle fiber diameter. 
This would suggest that the water imbibed by the electroly zed dehydrated 
samples was held largely in the spaces surrounding the muscle fibers. An 
alternative explanation would require the assumption that the muscle fiber 
protein had been so modified by electrolysis and dehydration that it could 
absorb water without swelling. 

Reconstitution of the 3 eleetrolyzed and dehydrated samples of the 
Rectus femoris muscle is not readily explained. Although the character 
istics of the Rectus muscle are somewhat different from those of the Bieeps 
muscle (Table 3), it cannot be postulated that any one (or all) of these 
properties contributed to true reconstitution; if this were true all electro 
lyzed dehydrated Rectus samples should have recoustituted, 

The electrolysis treatment prior to dehydration may have caused the 
dehydrated samples to imbibe water more readily by changing the pH 
of the tissue. Since acidification of muscle tissue increases the water 
binding capacity (2), electrolysis therefore caused swelling of the muscle 
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fibers and the consequent development of the new system of non-continuous 
irregular spaces. These spaces were not lost during dehydration and may 
have facilitated water imbibition during rehydration. 

As a criterion for true reconstitution of muscle tissue we have used 
the reappearance of distinct cross striations of the musele fibers. This was 
based on recent views regarding the nature of cross striations (4): namely, 


TABLE 3 


Differences between Biceps femoris and Rectus femoris muscles 


Riceps femoris | Rectus femoria 


Moisture ? ‘, 3 74.49% ' 73.5% 

Collagen distribution Thiek : less elosel Phin: closely 
spaced spaced 

Penderness inde x! * Medium (cooked Slightiy tough 
shear &1] cooked shear 4 

Collagen content Medium," ’ Medium,’ 2.90% by 
volume 

Fat content’ 1% 

Musele fiber diameter tly 

Sareomere (height 

pl of raw tissue’ 


Degree of autolysis 


Prom Ran 


that the striations represent the physical manifestation of the molecular 
configuration of the actomyosin complex of the muscle. Even though 
water might be removed from tissue without loss of cross striations, it 
is certainly trne that in truly reconstituted tissue the striations should be 
distinet. The criterion would be equally applicable if one accepted the 


older theories regarding isotropic and anisotropic bands as reviewed by 
Barer (1) 


SUMMARY 


qual number of Biceps femoris and Reetus femoris samples from 4 
careass classes differing in 3 aging periods were either electrolyzed prior 
to dehydration or dehydrated at 70°C. without the electrolysis pre-treat 
ment as controls. Dehydrated samples of both groups were rehydrated 
subsequently. 

The electrolyzed tissue showed a marked loss of potassium from = the 
musele fibers as evidenced by both the color reaction of the Carere-Comes 
test and the inereased amount of this ion in the electrolytic bath. The 
electrolyzed meat also was found to have undergone a reduetion in pl 
from 5.5 to 2.8, 

During electrolysis the muscle tissue absorbed water from the eleetro- 
Ivtie fluid. A considerable amount of this water was absorbed by the 
musele fibers which caused them to swell. The normal endomysial spaces 
disappeared and were replaced with a new system of irregular spaces 
When dehydrated, this tissue lost all its water but retained some of the 
newly formed interfibral spaces. The tissue otherwise resembled the dehy 
drated control. Upon rehydration, water was taken up rapidly and in 
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amount more than twice as much as that absorbed by the non-electrolyzed 
controls. 

Three of the electrolyzed Rectus femoris samples reconstituted on a 
In these, the absorption of water was 


histological basis when rehydrated. 
fiber diameter, reap 


accompanied by corresponding recovery ino muscle 
pearance or increased visibility of cross-striations in them, return of nor 
mal spatial relationship and well stained muclei and connective tissues 
This reconstitutability is attributed to certain intrinsic properties of the 
Rectus muscle and the effeet of electrolysis combined 

Neither dehydratability nor rehydratability of the samples of either 
muscle was found to be significantly influenced by carcass grade or aging 
period. 
\ correlation coefficient of O63 between moisture content and muscle 


fiber diameter was obtained from all the samples 
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DIAGNOSTIC 

. . . for the isolation, identification and cultivation of patho- 
genic fungi. These media are also widely used in phytopatho- 
logical studies. Several are neutral in reaction, giving optimum 
conditions for growth of a variety of fungi. The following 
may be prepared as selective media by the adjustment of 
reaction, addition of antibiotics or other agents: 

Bacto-Brain Heart Infusion Agar Bacto-Mycological Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Mycological Broth 


Bacto-Sabouraud Maltose Agar Bacto-Corn Meal Agar 
Bacto-Littman Oxgall Agar Bacto-Corn Meal Agar with Dextrose 


Bacto-Bean Pod Agar Bacto-PruneAgar  Bacto-Lima Bean Agar 


CONTROL 


. . . for sanitary and sterility procedures as well as for general 
use in mycological procedures: 


Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Agar 

Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 

Bacto-Malt Extract Bacto-Mildew Test Medium 

Bacto-Malt Agar Bacto-W.L. Nutrient Medium 
Bacto-W.L. Differential Medium 


CLASSIFICATION 
. . and nutritional studies of fungi: 


Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto- Yeast Carbon Base Bacto-Czapek Solution Agar 
Bacto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is avatlable on request. 


DIFCO LABORATORIES 
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